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SUMMARY 
Chapter l. 	The complex tttrans[RhCl(CO)2PPh3J has been reformulated 
as the dimeric, halide-bridged species [ric1(co)(PPll3)12 on the basis 
of physico-chemical evidence. The reaction of this compound with donor 
ligands L has been - shown to yield new mixed-ligand complexes of the 
form [riicl(co)(PPh 3 )LJ (L=PPh 2Me, AsPh 3 , SbPh 3 , etc.). Oxidative 
Addition and metathetical reactions have been performed on some of 
these complexes and on the parent dirner and new Rh(III) methyl 
carbonyl complexes have been prepared. Oxidative Addition reactions 
of the related Rhci(cO)2 2  have also been studied. 
chapter_. 	The complexes[M(S 2PR2 )(MPt, Pd; RMe, Et) have been 
prepared and their reactions with tertiary phosphines and arsines 
studied. These reactions have been shown to occur via stepwise 
metal-sulphur bond cleavage giving complexes of the type 
[M(S2PR2 ) 2ER 3] and [M(s2PR2 ) (ER 3 ) 2 J S2PR2 with 1:1 and 1:2 
ratios of phosphine or arsine (ER 3 ) respectively. 	Both of these 
types of complex have been shown to exhibit fluxional behaviour 
by 111 NMR spectroscopy and kinetic parameters for some of the 
rearrangements have been obtained by computer-aided line shape 
analysis. 
Chapter 3. 	Low-valent molybdenum complexes with various thio-acid 
ligand.s have been prepared, some of which have been shown to be dimeric 
with a metal-metal bond. The interaction of some of these complexes 
with donor ligands and their oxidation reactions have been studied. 
The interaction of chromium, molybdenum and tungsten hexacarbonyl 
with some phosphorus-containing dithio-ligands has also been studied. 
Chapter _l. 	A preliminary study of the interaction of rhodium(II) 
acetate with various thio-acid ligands has been undertaken. 
Papers published in association with Dr. T.A. Stephenson 
are included at the end of this thesis. 
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CHAPTER 1 
Lewis Base Complexes of Rhodium(I) and Rhodium(III) 
10 
Preamble 
Cobalt, Rhodium and Iridium form the second triad in Group VIII 
and, although this chapter is, concerned with Rhodium only, it is 
instructive to consider the chemistry of Rh in relation to that of 
Co and Ir and also in relation to its position in the Periodic Table. 
A general trend is the increasing stability of higher oxidation 
states as one descends the triad. The most stable oxidation state 
for Co is the +2 state, but this is relatively rare in Rh chemistry 
and is unknown for Ir. The +3 state is the most stable one for Rh 
and Ir although Ir has a +1 state of some importance. There is 
usually a greater similarity between the chemistry of the second 
and third elements in a triad compared to that of the first element 
because of their similar atomic and ionic radii. However, the 
greater stability of hiíier oxidation -tates and also the occurrence 
of higher co-ordination numbers in 2nd and 3rd row compounds is much 
more marked on the left-hand side of the Periodic Table. (e.g. Mo(VI) 
and Cr(III) are the most stable oxidation states). This is because 
these trends are counterbalanced by an increasing stabilisation of 
lower oxidation states on going from left to right across a given 
period (e.g. Cr(II) is very unstable and easily oxidised but Ni(II) 
is very stable and oxidised with difficulty.) Thus, Rh and Ir both 
exhibit fairly stable +1 states whereas Co has only a restricted 
chemistry in its +1 state. 
A further characteristic of 2nd and 3rd row metal chemistry 
is the tendency to form low spin complexes. This is due to a 
-2- 
combination of two factors:- 
The 14d and 5d orbitals are more diffuse than 3d orbitals and 
thus there is a smaller ener penalty incurred in pairing electrons 
in Id or 5d orbitals. 
The ligand field splitting parameter, t, for a given ligand is 
larger in complexes of the 2nd and 3rd row elements, also encouraging 
electron pairing (Table 1.1). 
Thus, all Rh(i), Ir(I) [d 8], Rh(iii), Ir(III) [d6 ]comPlexes 
are diamagnetic. This tendency can serve as a useful comparison 
between Rh, Ir and Co. All Co(III) complexes, with the exception 
of [C0F6] 3 (Table 1.1) and [Co(11 2o) 3F3 J have a t2g6  ground state 
configuration, ( 1A1g ) which is also the ground state of Rh(III) and 
Ir(III). The visible spectra of the +3 states of all three metals 
have the same interpretation viz:. 1A 	T, 'A - 1T being the ig ig 	ig 	2g 
first two transitions. It is these absorptions which are responsible 
for the characteristic colours of M(IIi) complexes (red, orange, 
yellow or brown in the case of Rh(II1)). All Co(II) compounds 
prepared to date are paramagnetic, unlike Rh(II) which forms several 
diamagnetic dinuclear species. Similarly, some Co(I) but no Rh(I) 
or Ir(I) complexes are paramagnetic (e.g. the tetrahedral 
[CoxL3]lb species; Xhalogen, LPPh3, PPh2But PPh 2Bz (BZC 6H5CH2 )). 
The individual oxidation states of Rh will now be considered 
in more detail. 
Rh(III), d6 
RhCl 3 . nH2O (n=3 or l)  is the usual starting material in Rh 
chemistry and a very large number of compounds of the type RhX 3L3 
are known. L can be pyridine la,  tertiary phosphines 2 , aini.nes3, 
-3 - 
Table 1.1 
Complex 	 t(cm) 	P(cm) 
[Co(NH3 ) 6 ]3 	23,000 	21,000 
[Rh(NH3 ) 6 ] 3 	34,000 	- 
[Ir(NH3 ) 6] 3 	41,00O 	- 
(cop 6] 3 	 13,000 	- 
P = pairing energy of electrons 
-it - 
>. alkyl  or aryl  sulphides, dimethyl sulphoxide etc. These octahedral 
complexes may exist as either or both of two geometrical isomers, the 
1,2,3- (facial) or the 1,2,6- (meridional) isomer; X is a halogen or 
pseudohalogen. When L is a tertiary phosphine, reaction with CO takes 
place to yield[RhX 3 (CO)(PR3 ) 2] by direct displacement2 . The exchange 
rate of 14 COwith [Riicl 3 (co)(PPh 3 ) 2] has been measured  and the rate 
constant at 298 K found to be 3.6xl0 5 sec 1 . This slow rate of 
exchange is in accordance with the substitutional inertness usually 
found in complexes with a t2g6 configuration, (Co(III), Rh(III), 
Ir(III), Ru(II) etc.). Rather surprisingly, anionic Rh(III) species 
are usually labile 
11 although this is not the case in Co(III) or 
Ir(III) chemistry 
Dimerisation may also occur to give complexes of the type 
{Rhx3L2] with two bridging halogen atoms. A mixed Rh(III)/Rh(I). 
dimer [Rhcl2 (Pt2 Ph) 2J 2 has also been claimed7 , but it has recently 
been suggested that this is a hydrido 'omplex 2 . These and most 
other Rh(Iii) complexes are octahedral. Square pyramidal complexes 
of the type [RhHC1 2 (PR 3 ) 2] are known where PR  is a bulky tertiary 
phosphine such as P( Bu %	These compounds have a vacant 
co-ordination site and can readily add ligands such as MeCN, pyridine, 
etc., to achieve "normal" six-co-ordination. Some other five-co-ordinate 
Rh(iii) species will be considered in the section on Oxidative Addition. 
Recently 53 , a rather unusual Rh(III) complex, 
[h5-c 5 H 5 (C1)RhC1(H)Rh(c1)h5-c 5H5 ] with a bridging hydrido group has 
been described. The corresponding Ir(III) complex has also been made. 
These compounds are very good catalysts for the homogeneous hydrogenation 
of alkenes under very mild conditions and are almost as efficacious as 
ELM 
/ alkyl or aryl  sulphides, dimethyl sulphoxide etc. These octahedral 
complexes may exist as either or both of two geometrical isomers, the 
1,2,3- (facial) or the 1,2,6- (meridional) isomer; X is a halogen or 
pseudohalogen. When L is a tertiary phosphine, reaction with CO takes 
place to yield[RhX 3 (CO)(PR 3 ) 2 by direct displacement 2 . The exchange 
rate of 14 CO with [Rhcl 3 (co)(PPh 3 ) 2] has been measured6 and the rate 
constant at 298 K found to be 3.6xl0 5 sec'. This slow rate of 
exchange is in accordance with the substitutional inertness usually 
found in complexes with at2g6 configuration, (Co(III), Rh(III), 
Ir(III), Ru(II) etc.). Rather surprisingly, anionic Rh(Iii) species 
are usually labile 
11  although this is. not the case in Co(III) or 
Ir(III) chemistry! 
Dimerisation may also occur to give complexes of the type 
[Rhx3L2] with two bridging halogen atoms. A mixed Rh(III)/Rh(I) 
dinier [Rhcl2 (Pft 2 Ph) 2J 2 has also been claimed7 , but it has recently 
been suggested that this is a hydrido complex 2 . These and most 
other Rh(III) complexes are octahedral. Square pyramidal complexes 
of the type [rthllcl2 (PR 3 ) 2] are known where PR  is a bulky tertiary 
phosphine such as P ( Bu 	These compounds have a vacant 
co-ordination site and can readily add ligands such as MeCN, pyridine, 
etc., to achieve "normal" six-co-ordination. Some other. five-co-ordinate. 
Rh(iii) species will be considered in the section on Oxidative Addition. 
Recently53 , a rather unusual Rh(III) complex, 
[h5-C
5
H5 (cl)Ihcl(H)Rh(cl)h 5-c 5H 5 ]. with a bridging hydrido group has 
been described. The corresponding Ir(III) complex has also been made. 
These compounds are very good catalysts for the homogeneous hydrogenation 
of alkenes under very mild conditions and are almost as efficacious as 
- 5- 
[IiiCl(PPh 3 ) 3]. (See section on Fth(I)). 
Rh(II) {aT] 
The +2 state is relatively rare for Rh and no well-defined Rh(ii) 
halides exist. Therefore, Rh(II) compounds are usually made from Rh(III) 
compounds by reduction. The one-electron reduction to Rh(II) is much 
less common than the two-electron reduction to Rh(I) which is the 
opposite to the situation found in Co chemistry. 
For example, complexes of the type [Rhcl 2 (PR 3 ) 2 J may be made from 
certain tertiary phosphines (e.g. P(o-MeC 6H1) 310 , t-butyl phosphines 8 , 
etc.) and RhCl 3 . nH20 in ethanol. These are monomeric, formally 
square-planar (the o-tolylphosphine complex is isomorphous with the 
Pd(II) complex ) and possess one unpaired electron per Rh 
eff = 2.0-2. BM at 298 K). The stability of these compounds is 
attributable to occupation of the fifth and sixth co-ordination 
positions by parts of the ligand (e.g. the o-Me group in 
[RhCl2 (P(o-MeC6H0 3 ) 2] ) to give a pseudo-octahedral complex 10 
Diamagnetic Rh(II) carboxylates have been prepared 12 ; these 
have the Cu(II) acetate structure and will be discussed in Chapter 4. 
Rh (I) d8 
Neither Co, Rh or Ir form simple binary M(I) compounds with 
non-iT-acceptor ligands. Co(I) chemistry is restricted to relatively 
few carbonyl, tertiary phosphite, isocyanide, etc. complexes and will 
not be considered further. Rh(I) and Ir(I) have a very extensive and 
broadly similar chemistry although Ir(I) is more easily oxidised to 
Ir(III), a reflection, presumably, of the greater stability of higher 
oxidation states on descending a triad. 
The usual co-ordination geometry is square planar although 
some five-co-ordinate complexes have been reported (see later). 
0 
Six-co-ordinate Rh(i) has been claimed 48 but later work has cast doubt 
on the validity of this formulation (see discussion section, this 
chapter). 
Reaction of RhC1 3 . nH2O with CO, either directly at 373 K 14 or 
in refluxing ethanol solution15 , produces the red-orange complex 
[Ithcl(co) 2] 2 which was shown by X-ray crystallograph 6to have the 
structure given in fig. 1.1. A non-planar structure had been 
previously postulated on the basis of the infrared (IR) spectrum of 
7, the complex . There appears to be some interaction between electrons 
in Rh orbitals perpendicular to the planes of co-ordination. 
[icl(co) 2] 2 is a very useful starting material for the synthesis 
of a wide variety of monomeric and dimeric Rh(I) compounds. The 
bridging chloride groups can be replaced by other halogens by 
refluxing with the appropriate potassium halide in hexane' T , or 
by carboxylate, nitrate, sulphate and thiocyanate by the action of 
the appropriate silver salt in light petroleum18. IR evidence 
suggested that the sulphate group in [Rh(co) 2] 2so)4  was tetradentatel8. 
The action of donor ligands on [rthc1(co) 2] 2 can lead to several types 
of product. Excess tertiary phosphines and arsines cleave the halide 
bridges and displace one co group to give trans- [IthCl(CO)L 2]'9 whereas 
weaker donors such as amines or pyridine give compounds of empirical 
formula cis _[RhC1(CO)2. (base  )]18  when added in the stoichiometric 
ratio. It is not certain whether the amine complexes are monomeric, 
because they are insufficiently stable in solution for molecular 
weight measurements. Furthermore, the amine complexes are rather 
highly coloured and exhibit dichroism which may be indicative of 
substantial metal-metal interaction, consistent with retention of 
the dimeric structure. However, pyridine and c-picoline give 






Structure of rhodium carbonyl chloride. The short Rh-Rh 
distance is taken to signify some metal-metal interaction. 
(Reproduced from ref. ii). 
red-orange and yellow complexes respectively, which are monomeric 
18 in benzene . All of these compounds react with excess base to 
form unstable five-co-ordinate complexes of the form 
[Fth(CO) 2Cl. (base ) 2] which are notable in that they exhibit very 
low terminal CO stretches (1800-1850 cm) in their lB spectra. 
This observation is consistent with the low it-acceptor ability 
* 
of amines which will lead to extensive back-bonding into CO it 
antibonding orbitals and concomitant lowering of the CO bond order. 
A similar effect has been observed in the rather ill-defined 
complexes [IhCl(co)(RsCH2CH2sR)] 9 (R=Me, Et) where VCO=1800  cm -1 
(Me) and 1830 cm (Et), indicative of the low u-acceptor ability 
of alkyl sulphides and it also has been found in the complexes 
.cis - [Mo(CO) 3L3J 
The halide bridges can also be cleaved by halide ion to 
yield the anionic [11lx 2 (Co) 21 species which can be isolated as 
the RN or PhAs salt' 20 . Replacemet of the halide bridge by 
MeCOCHCOMe - 18 (acac) or C 
5 H 
 5 - 21 produces the monomeric 
compound [(acac)Iia(CO) 2] and [(h 5-05 115 )Rh(Co) 2} which can then 
be reacted with donors such as PR  giving, for example, 
[h5_d 5H5 )Rh(Co)PR3 J 
The CO groups of [1Cl(Co) 2] 2 can be completely displaced by 
dienes e.g. cyclo-octa-1,5-diene to give the dimeric {mi(C8H12) C112 
complex 	This and other similar dimers of general formula 
[Rh(diene)Cl] 2 can also be made directly from BhC1 3 . nH2O and the 
appropriate diene in ethanol 22 . 
Interaction of RhC1 3 . nH2O with ethylene in ethanol 23  gives 
the analogous [(C2H) 2lC1] 2 which is also a versatile starting 
- 9 - 
material for the preparation of Rh(I) complexes (see ref. 2 for 
some examples). 
One of the most interesting and useful Rh(I) complexes is 
{m-icl(PPh3 ) 3] formed by the action of a six-fold excess of PPh 3 on 
RhC1 3 . nH2O in ethanol2. This compound, which exists in two 
chemically identical forms, one red-violet and the other orange, 
is an excellent catalyst for the homogeneous hydrogenation of 
alkenes under very mild conditions (298 K, 1 atmosphere of H2)2l. 
It was initially thought that the active species was [Rhcl(PPh 3 ) 2s] 
where S is a solvent molecule which has displaced one of the PPh 3 
ligands. This interpretation was supported by molecular weight 
measurements which indicated that the equilibrium:- 
[Rhcl(PPh 3)+s 	[riic1(PPh 3 ) 2s]+PPh3147— 
lay well to the right. However, later measurements in rigorously 
oxygen-free solutions showed that there was negligible dissociation 25. 
31 	26 	 27 P NMR and detailed spectrophotometric studies were consistent 
with this conclusion. (K. - K=7+lxlO 5 in the absence of 0 27) diss - 	 2 
The species formed when [Rhc1(PPh3 ) reacts with 02  has recently 
been shown to have a very unusual structure with two bridging 02 
units. (fig. 1.2). (The current view on the nature of the active 
species will be discussed later). 
Nevertheless, one phosphine ligand is very labile and can be 
displaced by L=CO or C 2  H 
24  to give stable complexes of the type 
[rcl(L)(PPh3 ) 2]. (Ethylene cannot be hydrogenated by [Rhcl(PPh 3 ) 3) 
for this reason). A CO group can also be abstracted from an aldehyde, 
yielding a terminal olefin and [Rhcl(co)(PPh 3 ) 2] which is a precursor 
of the hydroformylation catalyst [PthH(co)(PPh 3 ) 3]f (formed under the 
This is not the active species; see end of section on oxidative 
addition for mechanistic details. 
- 10 - 
Fig. 1.2 
Molecular structure of 
(Reproduced from ref. 514). 
- 11 - 
reaction conditions by the action of CO and H 2 ). This complex has 
been synthesised from [Rhcl(co)(PPh 3 ) 2] by the action of hydrazine 28. 
The structure, as shown by .X-ray crystallography, is trigonal 
bipyramidal with the PITh 3 groups equatorial29 . This is one of the 
few five-co-ordinate Rh(I) complexes whose structure has been 
determined: a recent communication 55  described 
CRh(MeCN) 2 (C2H4 3]BF4 which is also trigonal bipyrainidal with 
equatorial ethylene s. 
L H(C0)(113)31 acts as a catalyst for hydrogen-atom exchange, 
isomerisation and hydrogenation as well as hydroformylation reactions 
of alkenes 30 . Excess PPh3 inhibits the catalysis which suggests a 
dissociative mechanism. The analogous Ir or Co compounds do not show 
any catalytic activity unless they are heated or irradiated in order 
to produce dissociation. The detailed mechanisms of the catalytic 
cycles involving [i(H)co(PPh 3 ) 3] and [iiiC1(PPh 3 ) 31 will be 
considered later. 
Co-ordinative unsaturation of Rh(I) 
A much-used "rule of thumb" employed to predict co-ordination 
number, which has met with considerable success in the metal carbonyls 
and similar neutral if-acid complexes is the 1118-electron rule". This 
rule states that the most stable configuration for the valence shell 
of a transition metal is that of the next highest inert gas i.e. with 
18 electrons in the valence shell. Thus, for example, in the case of 
[Fe(CO), (Fe0,4s23d6) the number of electrons in the valence shell is 
8+(5x2)(from CO)18. By the same method, [Rhcl(PPh 3 ) 3J has 
8(1h)+(3x2)(PPh 3 )+2(Cl)=16; i.e. the complex is "unsaturated" and 
This catalyst is very specific for alk-l-enes, probably for 
steric reasons. 






Molecular structure of [Rh(TVPP)Br] 
(Reproduced from ref. 33). 
- 13 - 
might be expected to add a 2-electron donor to achieve co-ordinative 
saturation. However, Rh(I) and Ir(I) , like the isoelectronic 
Pd(II) and Pt(Ii) , do not show much tendency to become five-co-
ordinate. For example, five-co-ordinate complexes of Rh(i) with 
monodentate ligands tend to dissociate very readily e.g. 
[Rh(H)(CO)(PPh 3 ) 	readily loses one phosphine in solution to give 





has been studied3' and the stabilities of the five-co-ordinate 
compound found to lie in the order XHCH 3CO>I>C1. In the presence 
of effective ir-acceptor ligands, increased electron density at the 
central metal atom apparently stabilises the five-co-ordinate form. 
This can be rationalised as follows:- Square planar d 8 complexes are 
capable of forming a maximum of three d back bonds with the ligands, 
using the d , d and d metal orbitals (x-y is the molecular 
xz yz 	xy. 
plane). Trigonal bipyrarnidal complexes, however, can form four 
such bonds using d , dyz d xy 	2 2 
and d 	orbitals (taking the 
(X 
apical positions as points along the z-axis). Hence, five 
co-ordination is more favourable when there are "soft" ligands. In 
* 
support of this, most five-co-ordinate Rh(I) complexes contain 
ligands such as SbR
35
H , etc. 
However, unusual geometries may also be stabilised by using 
polydentate or "tripod" ligands. For example, tris-o-vinyl phosphine 
(Tvpp) forms a trigonal bipyrainidal complex {Rhx(TVPP)] 33 
(Xhalogen, fig. 1.3). Similar complexes were prepared using the 
* 
Note emphasis on oxidation state. See next section on 
Oxidative Addition. 
- ilL - 
analogous arsine (TVPA). These compounds undergo very facile reactions 
with CO,PPh3 , etc. to give compounds with one dangling olefinic group. 
NMR studies showed that this was in dynamic equilibrium with the bound 
olefinic groups. The complex [RhI(TvPA)] is actually a dimer with 
halogen bridges (IRevidence). This is rather surprising since dimer 
formation in Rh(I) chemistry usually occurs to attain four-co-
ordination (cf .[Rhci(co)2]2, {Rh(c8H12)cl1 2' etc.). 
The tripodal ligand PhPE(CH2 ) 3PPh2] 2 forms four-co--ordinate 
complexes of the type [RhxL] which very readily add CO to give the 
stable Rh(I) complex [RhxL(co)]. The basicity of the tripodal 
iigarid is doubtless the reason for this reactivity. 
Rh(I) compounds can also achieve co-ordinative saturation by 
undergoing "Oxidative Addition05 reactions. In this process, there 
is an increase in the formal oxidation number of the Rh to +3 and an 
increase in the co-ordination number of two. 
e.g.[RhC1(co)(PPh3 ) 9]+c12 	 (Rh C13 (co)(PPh3 ) 2] 
or more generally:- 
[RhXL3] +Yz 	 - 	[Rhx(Yz)L3J 
where YZ can be any one of a large number of molecules, a few of 
which are listed in Table 1.2 . It is difficult to draw a precise 
line between co-ordinative saturation and oxidative addition as 
there isa varying degree of transfer of electronic charge from 
the central metal to the incoming ligand(s). A sensitive measure 
of the oxidation state of the metal is the position of the CO 
stretching frequency (v(CO))in the IR spectra of compounds such as 
* 
see footnote, page 13. 
An extended list is given in ref. 11, p.774. 
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[Mx(co)L2] where M=Rh or Ir, Xha1ogen, L=PR 3 etc. Increased formal 
positive charge.on the metal leads to decreased d—tr back bonding 
Tr 
and hence to an increase in the CO bond order and in v(CO). v(CO) 
can therefore be used to assign (empirically) a "relative oxidation 
state", assuming that v(CO) of [IrCl(CO)(PPh 3 ) 2] t 	(1967 cm) 
represents Ir and that of [Ircl 3 (co)(PPh 3 ) 2 1 (2075 cm 1 ) represents 
3+. Ir . Thus, it can be seen from Table 1.2 that even when YZ is a 
donor like SO  or C 2F, and there is ' no  fission of the addendum, 
leading to the a priori assumption that the Ir is still in the +1. 
state, there is still an increase in v(CO). This would suggest 
that a significant amount, of electronic charge has been transferred 
from the central metal atom to the addendum. Similarly, where there 
is fission of the addendum, and the Ir is, a'priori in the +3 state, 
the "relative oxidation state" of the Ir is less than +3. in some 
cases (e.g. YZHC1, Mel). These observations, albeit very empirical -
suggest that the usual zn:thod of assignLng oxidation state by 
considering "negative" and "neutral" ligands is untenable in this 
system. Of course, it must be stressed that other factors apart 
from oxidation state can affect the position ofThese include 
the effect of the ligand 'trans to the CO group and also coupling of 
VCO to other vibrations in the complex. It was for this reason that 
the D2 adduct was studied in preference to the H2 adduct; v(IrH) 
and v(CO) couple together giving an anomalous value for v(CO) (ref. 
35(c), refs. 28,29 therein) . However, in spite of this, the 
general trend is significant and parallels the extent of e1ecton 
The Ir(I) system was studied as it is more reactive towards a 
wider range of addenda. The conclusions hold equally well for 
RhC1CO(PPh 3 ) 2 which has also been studied. 
- 16 - 
Table 1.2 
Carbonyl stretching frequencies and Relative Oxidation States 
of Ir in the adducts of [IrCl(CO)(PPh 3 ) 2 ] with some covalent 
molecules YZ. (Data taken from ref. 35 (a)). 
	




































Molecular formula indicates addendum remains associated 
on addition e.g. 02 
Hyphenated formula means addendum is dissociated on 
addition e.g. H-Cl. 
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transfer from metal to ligand. The low position of 02  is noteworthy. 
Other complexes which also undergo oxidative addition 
e.g. [Rhcl(PPh 3 ) 3], [M(diphos) 2]Cl 	cannot, alas, be studied in 
this fashion as they lack a suitable label. However, other trends 
may be noted. In the Ir case above, the 02, so  and D2 adducts 
lose their addenda quite easily i.e. there is less than complete 
transfer of two electrons from metal atom to addendum. Similarly, 
the catalyst [Icl(PPh 3 ) 3} must fall into the above category since 
"activation" depends on reversibility. The increase in "relative 
oxidation state" in the Rh case is probably less than in the Ir 
case as Rh(III)t  is less stable with respect to Rh(i) than is 
Ir(III) with respect to Ir(I). 
The effect of the ligands on the ability of a complex to 
undergo oxidative addition is also very marked. For instance, 
(Rh (ph 2P(cH2 ) 2PPh2 ) 2
] does not add molecular hydrogen whereas 
the analogous [Rh(Me 2P(cH2 ) 2PMe2 ) 2J'does add H2 . This is one 
example of an effect which can be stated more generally:- "Ligands 
which increase electron density at the central metal atom enhance 
the tendency of a complex to undergo oxidative addition" (see ref. 
35(c) for examples). The tendencies of d 8 complexes in general to 
undergo oxidative addition or become five-co-ordinate are summarised 
in fig. 1.1. 	It should be pointed out that the effect of the ligands 
on complex reactivity make comparisons, except between iso-structural 
complexes in the same triad, difficult. 
It would be expected that, on the basis of fig. 1.1 and the 
preceding generalisation, the most reactive d 8 species would be Ru(o) 
"(I)" and "(iii)" are used in the "traditional" sense here. 
S. 
Fe(o)' 	 Co(I) 	 Ni(II) 
Ru(o) 	 Rh(I) 	 Pd(II) 
Os(o) 	 Ir(I) 	 Pt(II) 
increasing tendency 	 increasing tendency 
to become five- 	 to undergo oxidative 
co-ordinate 	 addition 
The tendency for d complexes to form oxidised adducts 
of a d6 configuration increases upon descending a triad 
or- passing from right to left within a group". 
Fig. 1)4 
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or Os(o) species containing activating ligands. In support of this, 
the Ru(o) complex {Ru(Me2P(CH2 ) 2PMe2 ) 2] is so reactive that it 
inserts into a C-H bond on One of its own ligands (fig. 1.5). 
Mechanisms 'and 'StéréOchémistriés 'of Addition 
Where addenda react as .whole molecules, the addition is 
obligately cis (e.g. 02, C2 (CN)1) as has been demonstrated by 
crystallography 37  in the case of [IrCl(CO)(AsPh 3 ). C2 (CN) 4  (fig. 1.6). 
The molecule is approximately trigonal bipyramidal with the C 2 (cw) 
occupying one of the equatorial positions. The bonding in this type 
of èomplex has been rationalized 38 as being approximately 
* 
a-bondinglrr back bonding (like the analogous ethylene complexes). 
Where molecular fission does take place, 'cis- or 
trans-addition is possible, depending on the mechanism. Addition 
of H2 to [IrCl(CO)(PPh3 ) 2] appears to be a concerted process, 
involving a relatively non-polar transition state and the small 
kinetic isotope, effect indicates little H-H bond breaking in the 
activated complex 36 (kH,kD=1.22). The reaction with molecular 
hydrogen, with its high bond energy (ca. 450 kJ mol), might 
seem surprising. The reaction probably proceeds by entry of 
electron density on the metal into the ls
* 
 antibonding orbitals 
of the H2 molecule, leading to bond weakening (fig. 1.7). NMR 
studies on[IrI(112 )(CO)(PPh3 ) 2] 55 and on the related [RhCl(H2)(PPh3)2}2l 
have been interpreted in terms of a 'cis configuration of the hydrogens. 
The mechanism of addition of alkyl halides is currently 
somewhat uncertain and conflicting reports have appeared. The 
first study 39 , which was of the addition of H2, 
02  and Mel to 
[Ircl(co)(PPh 3 ) 2J, indicated a bimolecular reaction which would' 
- 20 - 
(CH3)2 	(CH3)2 
CPRu  p 	p 







An extreme in reactivity towards oxidative addition. 
(Reproduced from ref. 35). 
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Fig. 1.6 
The molecular structure of [IrC1(CO)(AsPh3)2).C2(CN). This 
diagram constitutes a stereo pair. 












• 	 Fig. 1.7 
Interaction of molecular 112 with Rh(I) 
(or Ir(I)). 
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seem torule out, in the case of Mel anyway, a Sl-type reaction. The 
transition state was said to be highly unsymmetrical, with at least 
partial halide displacement. The mechanism is supported by the 
resemblance of the activation parameters and solvent dependence 
to parameters obtained for the reactions of tertiary amines with 
alkyl halides which go through a polar activated complex. The 
reaction was further demonstrated to be one-step by carrying out 
the addition in the presence of 131I  none of which was 
incorporated into the product 
A more conclusive proof of S2-type attack would be inversion 
of configuration at the carbon centre bound to the metal. To 
this end, the addition of trans-l--bromo-2-fluorocyclohexane to 
[IrCl(CO)(PMe 3 ) 2] was studied 6 and was reported to go with 
inversion of configuration (NMR evidence). However, a similar 
study57 , using optically active CH3CHBrCOOEt as the substrate, 
appeared to demonstrate that configuration was retained. It was 
also demonstrated that gaseous Mel and MeBr addedtrans- to Ir 
centres 57 , (this would exclude ionic intermediates). The reaction 
of [IrCl(CO)(PMe 3 ) 2] with BrC6H10F (see ref. 56) was then 
reinestigated 8 and found not to occur under the reported 
conditions. However, it was noted that, in the presence of 
02, the IR changes previously reported did occur, but not the 
NMR changes. In a very recent publication 59 , evidence was 
presented which indicated that the addition of alkyl halides 
was a radical process. Addition of initiators like ABN or 
greatly enhanced the rate of addition, while scavengers such as 
duroquinone retarded the reaction but not in the case of Mel. 
- 21k.- 
In the case of Rh(I) additions, radical processes do not seem to be 
very evident and there are complications due to isomerisation of the 
adduct. 
Fig. 1.8 shows an example where kinetic control of the addition 
of methyl chloride to the bromo-complex(II) is operating. The adduct 
(iii) rearranges in benzene/methanol to give (Iv) which can also be 
1 prepared by the action of methyl bromide on (I) . The 
stereochemistries of the adducts were assigned on the basis of the 
position of the Ir-Cl stretch in the far IR spectra of the complexes 
as it has been shown that the frequencies of metal chloride 
stretches are primarily dependent on the ligand'trans to chloride 
ion. 	This is a useful, though when used without supporting 
evidence (NMR, etc.), not infallible method of determining 
stereochemistry. 
The Mel adducts of some Rh(I) carbonyl complexes undergo an 
isomerisation to give an acyl Rh(III) complex 0 , (fifl. 1.9). The 
reaction is two-stage, the alkyl product (VI) being formed rapidly 
and then isomerising to the acyl compound (VII). There is an 
induction, period before addition of Mel begins; if a little (vii) 
is •added, the reaction starts immediately on addition of Mel to 
(v). Since the acyl compound (vii) is five-co--ordinate Rh(III) 
and, like four-co-ordinate Rh(I), co-ordinatively unsaturated, 
a possible course of reaction is 'via (viii) which explains the 
action of product in removing the induction period. 
The alkyl/acyl isomerisation is faster when more electron-
withdrawing ligands are co-ordinated to the metal; this corresponds 
to a weakening of the Rh-Me bond and favours nucleophilic attack or 
- 25 - 
CH3 
MePh2P. ,,CO 	CHsBr 	MePhzP-.. I CO 





LiBr 	 - 	 MeOH 
CF!3 
MePh2P.. 	CO 	CHsC1 	MePh2P.. I CO 
Br"  PPh2Me . 	 Br' IPPh2Me 
C1'\ 
255 cm— ' 
Fig. 1.8 
Kinetic control in oxidative addition. (Reproduced from ref. 35). 
(V) 













Alkyl iodide addition to Rh(i) carbonyls and the subsequent 
alkyl/acyl isomerisation. 
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solvation by Mel (which was the solvent used in the study). This 
mechanism is similar to that operating in the much studiedt 
Co 
[(d113)Mn(co)Si 	[(cH3co1n:co)5 
isomerisation, where the methyl group is displaced on to one of 
the CO groups already bound to the Mn('Methyl Migration"). 
In contrast, CH3I adducts of Ir(I) carbonyl complexes show 
no sign of isoinerisation, an observation attributable to the 
generally higher stability of alkyl complexes of the 3rd row 
transition metals (ref. 414, p.1358). This topic and the reverse 
(acyl/alkyl) isomerisation will be referred to again in a later 
section. 
Homogeneous Catalysis Using Rh(i) Complexes 
Homogene 1ous catalysis is at present relatively rare in 
industrial processes, doubtless due to difficulties in product 
separation. The only systems in common use are the OXO process, 
[co2(co)8} 1-1- , the Wacker process [aqueous PdC12IHC1] and the 
Du Pont 1, 1 -hexadiene process [Rhcl3!Hcl or[Ni{P(oEt) 3 }J " . A 
further example, developed by Monsanto, will be discussed later. 
- [r11C1(PPh3)] 21 has been extensively studied as a 
homogeneous hydrogenation catalyst, under very mild conditions 
(298 K, 1 atmosphere H2 ), for alkenes. The mechanism, which is 
still the subject of some discussion, is given in fig. 1.10. The 
formation of a five-co-ordinate Rh(III) species is characteristic 
of []Rhcl(PPh 3 ) 3] oxidative addition reactions and is indicative of 
the high lability of one of the phosphines. The Mel adduct as 
ref. 11, p.777 for numerous references. 
tt catalyst in parentheses. 
[RhCI ( PPh 3)31 
I H2 
CL 
Ph3P CH2CH2 R 
Fig. 1.10 
Hydrogenation of olefins catalysed by RhC1(PPh3)3 
MAM 
prepared has a co-ordinated molecule of Mel and is formulated as 
[IiliC1I(Me)(MeI)(pPli 3 ) 2}. The crystal structure 50 of the complex 
recrystallized from benzene, [IthI 2 (CH 3 )(PPh 3 ).c6 H6 shoved distorted 
square pyramidal co-ordination about the Rh (fig. 1.11). The benzene 
is not co-ordinated. 
Replacement of PPh 3 by P}'le 2Ph and oxidative addition of RCOC1 
leads to six-co-ordinate Rh(III) species [micl2 (coR)(PMe 2 Ph) 3) 5' 
due to the stronger co-ordination of alkylated phosphines (cf. ref. I). 
{Rhdl(PMe 2 Ph) 3 ] is probably catalytically inactive for this reason. 
To end this section, the proposed mechanism of hydroforimjlation 
of olefins, catalysed by RhH(CO)(PPh 3 ) 3 is given in fig. 1.12. 
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Fig. 1. 11 
Molecular geometry of [Rh,2(  CH3 
 )(PPh3 ) 2j19 
(Reproduced, from ref. 50). 
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Hydrofornr1ation ofolefins catalysed by [RhH(CO) (pph3)3] 
(Reproduced from ref. ii). 
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INTRODUCTION 
It has long been known 19 that [rn-icl(co) 2 ]2 (q.v.) reacts with 
1 moles of tertiary phosphine to give the complexes trans_[RhCl(CO)(PR 3 ) 2]. 
The proposed intermediate in this reaction was cis-[rhCl(Co) 2PR3] which 
is formed by cleavage of the halide bridges without CO displacement, but 
no attempt was made to detect or isolate this species. However, a recent 
report 6o  described the reaction of [RhC1(co) 2] 2 with two moles of PPII3 
and the isolation of a complex formulated as trans- [RhC1(CO) 2PPh3] (Ia) 
CO 	 PPh3 
Rh 
X 	 Co 
Ia 
on the basis of its IR spectrum(one CO stretch) and anaJvtical data. lThe 
initial product, which was isolated at low temperature as an unstable red 
solid, was proposed to be the cis-dicarbonyl species which readily 
rearranged to the trans form on warming to ambient temperature 60. These 
authors also studied the reactions of (i with electronegative olefins 0,3  
and various bidentate ligands6063 ious . In addition, the oxidative reactions 
of (Ia) with halogens, MeI,MeCOC1, etc. 61,62 and the kinetics of the 
alkyl/acyl isomerisation of the CH3I adduct were reported 62. The 
unusual trans-dicarbonyl configuration was noteworthy, since one of the 
CO groups would be expected to be very labile towards substitution by a 
ligand of weaker it-acceptor character, and in fact PITh 3 was reported to 
displace one co group to give trans_[1Cl(CO)(Pph3)2]60. It was of 
interest to see if this reaction could be extended to ligands other 
than PPII 3 with the aim of synthesising mixed-ligand complexes of the 
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type 1cl(C0)(PR13)L}. These complexes would be useful in the correlation 
of ligand and complex reactivity and they may also be catalytically active 
or act as catalyst precursors (àf. IRhC1(C0)(PPh3)2J 32) especially if L 
is easily displaced. 
Some mixed-ligand complexes have already been described, 
e.g.{HRh(PTh 3 ) 3 (AsPh 3 )} 6' which is an interesting example of'tétrhedral 
co-ordination about Rh(I) (the H atom could not be located by 
crystallographic methods). 	This complex is isostructural with 
HBh(PPh 3 ) 1j 6 where the H atom is postulated to lie on the 3-fold 
axis of the molecule. Other examples are [FaCl 3 P(n-Bu) 32 P(OMe)3] 66 
and complexes of the type [rhx(Co)LLlJ6T  (only obtained pure when X1; 
L=PPh 3 and L1=P(C6H11 ) 3 ). 	These were made by the action of excess L1 
on trans-[RhX(CO)L2] in toluene and the conversion was followed by lB 
spectroscopy. In all other systems, apart from the one above, mixtures 
of [m-ix(co)L2 ,. [Rhx(cO)LL'] and. [iUiX(CO)L]were obtained 67. 
The t'emainder of this chapter is devoted to a study of the 
interaction of "trans-[RhCl(CO) 2 (PPh 3 )]" with Lewis bases containing 
Group VB donor atoms, CO, halogens, Mel etc. and the use of various 
physical techniques to identify and characterise the products. 
RESULTS AND _DISCUSSION 
a) Reaction of (i) with As-, N-, and S-donors 
"trans _Icl(Co)2PPh3Jt  reacts smoothly with excess 
L(LC 5H5N, Me2S, AsPh 3 , p-MeC6HNH2 ) in benzene or chloroform to 
give the complexes {RhC1(CO)(PPh 3 )L] (II) on precipitation with pentane 
or ether. The eçpected reaction scheme was 
"trans-[RhCl(CO)PPh] "+L -- 	[micl(Co)(PPh 3 )L] +CO 
but, contrary to expectation, very little gaseous evolution was observed. 





Ph3P 	 c0 
II 
(this point will be returned to later). The mixed ligand complexes are 
all yellow solids, diamagnetic and non-electrolytes. They all exhibit 
one v(CO) band in the characteristic range for Rh(i) mono -carbonyls 
(ca. 1960 cm-1 ) and show quite a variation in their stabilities. The 
complex, where L=AsPh 3 , is very stable, both in the solid state and 
in solution, and may be chromatographed unchanged, a property which 
was used to ascertain that the solid obtained was not a mixture of 
[1hcl(co)(PPh3 ) 2] and [Rhcico(AsPh 3 ) 2]; tic of the mixed-ligand 
complex shoved a single spot with an R  value intermediate between 
the bis -phosphine and -arsine complexes. The other compounds are 
much less stable, and (ii, LC 5H5N) decomposes in solution to 
unidentifiable brown compounds and (II, LMe2S) decomposes even in 
the solid state, with loss of Me 2S. Atrans configuration for (II) 
is assigned on the basis of the positions of v and v 	and their CO 	RhC1 
similarity to those in trans- [RhC1(C0)(PPh 3 ) 2) 68 (1960 and 310 cm' 
respectively). As mentioned earlier, this method of assigning 
stereochemistry must be used with caution. The complexes were 
characterised by elemental analyses (Table, p.75),IR and 1H NNR 
measurements, (Table 1.3). It was usually possible to identify 
characteristic lB bands of the ligand L in regions where FF11 3 vibrations 
did not interfere. The 'H NMR spectrum of (ii, L=p-MéC 6H14NH2 ) reveals a 
very large shift in the, resonance of the -NH2 protons due to co-ordination 
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Table. .1.3 
Spectroscopic data for some trans-[RhC1(C0)(PPh 3 )LJ complexes 
in cm, 1 , sstrong, m-medium, wweak, brbroad, shsharp. 
s=singlet, rnmultiplet. 
d) 	important vibrations of L. 
L V (CO)a 	. ( CO)  a V (RhC1)a 
AsPh3 1960(s) 5714(5) 311(m) 
C 
5 H 5 
 N 1961(s) 585(s) 305(m-s) 
Me 2S 1965(s•,br) 575(s) 310(m) 
p-MeC6H14NH2 . 	 1960(s) 587(s) 301(m) 
La,d 	 b N data 










696 c 7. 145r(S,Me2S,6H) 
1573(m-s) 	. 2.1-2.8t(m,Ph+C6H14,19H) 
15ll(m-s) 3.05 T(S,_NH2 ,2H)e 
lOTl(rn) 
811(m-s,sh) 7.75t(S,CH3,3H) 
tentative assignment, very close to FF11 3 bands. 
"e) 	see text. 
I 
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(T NH
= 6.50 in pure p-MeC6H14NH2 ; see table 1.3). 
b) Reformulation of 
The apparent non-evolution of CO gas on addition of L to 1(a) 
caused doubt to be cast on the formulation of 1(a) as tttrans_lpthCl(CO)_ 
(PPh3 ))". To clarify the situation a careful analysis of the gas(es) 
evolved on reaction of 1(a) with AsPh3 was undertaken. Benzene, which 
had been subjected to four freeze-thaw cycles under vacuum (0.02 Torr), 
was condensed on to 1(a) in a break-seal ampoule which had a side arm 
containing excess AsPh 3 . The ampoule was sealed off and allowed to 
warm to room temperature, whereupon it was inverted to mix the 
reactants, and allowed to stand for several minutes. Mass spectral 
analysis of the gas(es) evolved showed the presence of CO but a 
comparison of the ratio C0:N 2 in the evolved gas(es) to that in air 
showed no significant difference. The amount of CO gas corresponding 
to the quantity of "trans-{RhC1(CO)PPh1" employed (0.12 mM) was 
2.72 ml i.e. negligible CO was evolved. In addition, an osmometric 
molecular weight measurement on 1(a) indicated a dimeric structure, as 
did a direct oxygen analysis. This evidence suggests that the complex 
"trans_{PthCl(CO)(PPh)J" should be reformulated as trans_[1hC1COPPh 3] 2 
(1(b), xci). The mistake is understandable if the analytical figures 
Ph 3P 	X CO. 
Rh 	 Rh 
OC 	 X 	N PPh3 
1(b) 
for 1(a) and 1(b) (XC1) are compared:- 
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1(a) requires C=52.6%; H3.3% while 1(b) requires C53.2%; H=3.5%. The 
differences lie within the usual error limits of C,H analysis. Also used 
byUguagliati etal.60 to support their formulation of 1(a) was the 
-1 
position of v(RhC1) (295 cm ) which was close to that expected for a 
chloride ion trans to a tertiary phosphine68 . This assignment emphasises 
the need for extreme caution in using far- IR spectra in assigning 
stereochemistry since, in the related bridged chioro-complexes 
[Rhcl(cO) 2] 2 and [RhC1(PPh3)2]2 
2,  the bridgig v(RhCl) is assigned 
at 284, 271 and 303 cm respectively . Thus, it is not unreasonable 
to expect v(RhCi) intrans-[RhCl(CO)(PP1)] 2 to fall between these two 
values, in the region 285-295 c' m . The reaction between [Rhcl(co) 2] 2 
and [rthcl(PPh 3 ) 2 ] 2 in benzene does, in fact, give a very small yield 
of [ithCl(CO)(PPh3)} 2  (identified by tic and IR). The equilibrium for 
the related reaction 
11ci(co)J 2 + [Icic2H) 2] 2 	2[RhCl(C0)(C 2H01 2 
lies well to the right' 5 , but the very low solubility of (Bllcl(PPh 3 ) 2) 2 
is the probable reason for the small success of this reaction, although 
the possibility that [Rhcl(PPh3) 2  merely acts as a source of free PPh 3 
cannot be ruled out. 
Direct oxygen analysis (required 1(a) 07.0%; 1(b) 03.7%; found 
0=3.6%) and molecular weight measurements ((1(a) requires M 1457; 1(b) 
requires M857; found M865) provide the best method of unequivocally 
distinguishing between the two possibilities. A recent independent 
investigation 6 9 reached similar conclusions on the basis of gas 
evolution and molecular weight studies. These workers also prepared 
trans- [IIiCl(CO)(PMe 3 )] 2 where analytical data unequivocally supported 
This high valuefor a bridging v(RhC1) may be due to a very 
unsymmetrical structure 8 
the dimeric formulation. In addition, they postulated, the existence 
of a series of dimeric Rh(I) complexes of general formulae 
[R612Cl2 (C0)LJ (m=1-14) on the basis of detailed IR studies. 
Similar systems with LPF 3 have also been studied 70  and the existence 
of analogous [Rh 2Cl2(PF3)m(CO)i,_m] species suggested on the basis of 
mass spectral evidence. 
hcl(co)(PPh 3 )J 2 as usually prepared has a strong v(C0) at P 
1980 cm-1 and two weak, sharp absorptions at 2091 and 2023 cm -1 
(nujol) and 2090 and 2023 cm (benzene solution). These bands (2.Oct 
disappear if 1(b) (x=ci) is refluxed for a short time in benzene 
(ca. 30 mm) when pure [mlcl(co)(PPF1 3 )J 2 is recovered on addition of 
pentane. The product after refluxing is identical to the crude product 
in every way apart from the absence of the two IR bands. This is contrary 
to the observation (ref. 60) that "trans_[RhC1(C0) 2PPh3]" disproportionates 
to.trans-[Rhcic0(.PPh 3 ) 21 ('1. ( c0)=1960 cm') on warming in benzene. 
Carbonylation of (Th)(with or without the extra IR bands) in benzene, 
toluene or chloroform at one atmosphere pressure, gives lemon-yellow 
solutions with two strong, sharp bands at 2090 and 2008 cm (benzene); 
209 1 and 2013 cm' (chloroform); 2090 and 2007 cm (toluene). If the 
benzene solution is concentrated 
nitrogen, the lemon-yellow colou 
shows several changes. The band 
intensity, the band at 2008 cm 
cm grows up. Complete removal 
under reduced pressure or purged with 
changes to orange and the IR spectrum 
at 2090 cm-1 decreased considerably in 
disappears and a weaker band at 2023 
of solvent regenerates Tb containing 
the compound with bands at' 2090 and 2023 cm-1 . The red, labile 
61 intermediate which was reported isolable at low temperatures from 
the reaction of [rthCl(Co) 2] 2 and PPII 3 (1:2 mole ratio) had bands at 
- 39 - 
2082 and 2019 cm-1  (nu.jol) and this was assigned the structure 
"cis-[iiCl(C0) 2PPh" (lila). Poi1b1ancetal. 6 observed similar 
behaviour on carbonylation of lb in toluene (i.e. 2v(C0) at 2088 






and 2002 cm) and showed that one Co molecule per Rh was taken up. 
Further, they observed the same IR spectrum when (R1a(Co) 2] 2 and 
PPh3 were mixed in 1:2 mole ratios in toluene solution. All attempts 
to isolate this intermediate failed as CO was evolved (one CO/Rh) and 
trans- [RhC1(CO)(PPh3 )]. 2 was formed. By using a deficiency of PPh 3 and 
conducting a difficult and rather non-reproducible decarbonylation 
reaction, they were able to isolate and characterise [11h 2C12 (co) 3 (PPh 3 )] 
one of the postulated internediates 6 . The IR changes have also been 
investigated in benzene (this work) and the first step confirmed as 
the appearance of two strong bands at 2090 and 2008 cm. Concentration 
of this solution results (as described) in the appearance of weak bands 
at 2090  and 2023 cm and a strong band at 1980 cm 1 . The [RhCl(co) 2 l 
tertiary phosphine system has also been investigated by R ollnlanTl  who 
carried out a solution IR study. The 2:1 PFh 3 I [Rhcl(co) 2] 2 system was 
reported to have bands at 2093 and 2009 cm-1 (in methylene chloride). 
The PPh2Me, PPh2Et and PPh3O systems had bands in similar positions. 
This was interpreted in terms of halide bridge cleavage to give 
monomeric cis-[RhCl(C0) 2PR3) since no CO was evolved when one mole of 
69 
PR3 1Rh was added. A similar interpretation was made by Poilblanc  
NMR evidence 71 was also used to assign the cis-dicarbonyl structure; the 
- lO - 
NMR spectrum of a solution containing a 1:2 ratio of [11hCl(Co) 2J 2 : 
PPh2Me shoved only a doublet of doublets (T7.88; J(P-CH 3 )=lO.2 Hz; 
2J(Rh-CH3 )1.1 Hz) which supports the formulation. Addition of  further 
mole of PPh2Me!Rh caused the evolution of CO and formation of 
trans- [RhCl(Co) (PPh 2Me) 2]. Two possible reaction schemes emerge from 
these observations: - 
(after Poilblanc ) This scheme invokes the same intermediate 
as Deganello et al., namely cis_[RhCl(CO)2PPh 	(IIIa)61, equation (1) 
[m 2cl2 (co) 4]+2PPh 3 	 2cis-[RhCl(CO) 2PPh3 1 
-2CO, trans-[IulCl(CO)(PPh 3 )J 2+2C0 	 (1). 
2CO 
This scheme infers that halide bridge cleavage with the resultant 
formation of the cis-dicarbonyl species is the first step of the 
reaction, followed, on attempted isolation, by loss of CO and 
dimerisaticn of the resultant co-ordinatively unsaturated fragments 
to form the bridged species (m). Finally, with more FF11 3 , (Tb) is 
cleaved giving trans-[RhCl(CO)(FPh 3 ) 2). 
An alterzative interpretation is to invoke retention of the dimeric 
structure. The yellow, labile intermediate v(CO) 2090 and 2008 cm 
(benzene) is postulated to be cis-[RhCl(CO) 2PFh3J 2 (11Th), possibly with 
trans-addition of FF11 3 for steric reasons. This intermediate can then 
lose CO to give mainly (Tb). (see scheme) and thus, no cleavage of 
halide bridges followed by recombination need be invoked to explain 
these observations. In addition, it is reasonable to postulate that 
the other complex isolated with (Tb) is cis-[RhC1(CO)(PFh 3 )J 2 (Ic; 
v(CO) 2090 and 2023 cm-1 ) which is also formed by CO displacement 
from (11Th) and readily isomerised to (Tb) by warming in benzene. 
- 	- 
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Although the IR spectrum is also consistent with the other cis-dicarbonyl 
isomer (Id.) the observation that recarboriylation of a mixture of (Tb) and 
any other dicarbonyl complex present gives only the single product (11Th) 
suggest -9 that the formulation (Id) can be discounted. Further evidence 
for this scheme comes from the carbonylation of 
trans-[Rii(OCOMe)(C0)(PPh 3 )) 2 (vide infra) which gives an orange solution 
with v(C0) 2094 and 2009 cm 1 ; v as  1570, Vs t 1435 
cm 1 , t 135 cm-1 ; 
which is indicative of symmetrical (bidentate) co-ordination of the 
acetate, as expected for (11Th) and not unidentate co-ordination as 
* 
expected for (lila) . However, this evidence must be used cautiously, 
as the system [lRh(OCOR)(C0) 2J 2 1PR3 has been studied 73 and the IR 
spectrum in the region 2100-1950 cm 1 reported to be complex, due to 
the presence of intermediates. Both in this study (ref. 73) and that 
of Poilblanc6 , complexes formulated as L 2x2 (c0) 3 1 (x=ci or 
OCOMe appropriately) were isolated under certain conditions, which 
in fact can also be interpreted as meaning that the first step is not 
halide bridge cleavage, but, once again this evidence must be considered 
carefully, since in the [Rhcl(co) 2] 2 1PF3 system (q.v.), very rapid 
interconversion of all the possible [Rh 2C12(Co)m(PF3))4_mJ isomers 
was observed to take place 70 
A similar intermediate to (11Th) in the reaction of 
[m-icl(co)PPh 3 J2 with L (PPh 3 , AsFh 3 etc.) could also be postulated, 
followed by halide bridge cleavage and formation of [BhCl(C0)(PPh 3 )LJ. 
However, an IR study of the immediate yellow solution formed from the 
reaction of [PiiCl(CO)(PPh 3 )) 2 with AsPh 3 in benzene showed only bands 
of CO  group on carboxylate, see ref. 72. 
* weaker bands at 2080, 20411, cm 	(v(C0)) V 
as 
 1588, v5 1330 cm 1 
(258 cm) may indicate some cleavage to species like 
cis-[Rh(OCOMe)(C0)2PPh3J 
- 	 - 
attributable to [RhC1(CO)(PPh 3 )(AsPh 3 )] . in that solvent (v(CO) 1976 cm, 
v(RhC1) 310 cm 1 ). 
A very recent report ' , however, supports the interpretation of 
Poilblanc et al. regarding the nature of the lemon-yellow intermediate. 
This reveals that the molecular weight of "cis-[RhC1(C0) 2 (PPh3 ))" 
performed in a CO atmosphere is that of a monomer. This cis-complex 
has even more recently 75 been found to be a very active alkene 
hydrofornrlation and isomerisation catalyst. Further evidence for 
the monomeric formulation was the position of v(IhCi) (321 cm 1 ) 
which would be exceptionally high for a bridging v(RhC1). This 
assignment was confirmed by carbonylating [RhBr(CO)(PPh 3 )J 2 
(v(CO) 2086, 2006 cm); the band at 321 cm-1 in the chloro compound 
was completely absent. 
The reaction of Me 2S with (Ib) is of note since there is reported 
to be no reaction between [Rhcl(Co) 23 2 and Me 2S9 . A possible 
formulation of the Me 2S complex is [iCl(Co)(PPh3 )(Me2s)J 2 with the 
dimeric structure being retained. In support of this, an attempted 
osmometric molecular weight determination gave M=701±90 (this figure 
must be treated with caution as the apparatus would not stabilise 
properly during the measurement). The monomeric formulation requires 
M=1 93 and the dimeric formulation requires M986 so that the figure 
of 701 could indicate a dissociated dimer or an associated monomer. 
Furthermore, the IR spectrum of an aged sample of the complex which 
had lost Me2S was exactly the same as that of trans_[flhCl(C0)(PPh3)] 2 
In support of the monomeric formulation, the same colour change (orange-
yellow to lemon-yellow) which occurred when definitely monomeric products 
were formed (e.g. reaction with AsPh 3 ) was observed when Me 2S was 
added to (Ib). The preparation suffered from a lack of reproducibility 
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and a large excess of Me 2S was required to ensure even a moderate yield. 
Similar problems were encountered with the reaction of (m) with NH3 . 
The product seemed to vary with solvent, concentration, etc. in a 
random fashion and no reproducible method was found. Analytical figures 
were very variable and were approximately in the range expected for 
[1cl(co)(PPh3)(NH3)07 to 1.6In 	NMR was of no help, as no resonance 
attributable to NH  could be detected. IR spectra showed bands in the 
v(NH) (ca. 3300 cm 1 ) and 5(NH) (ca. 1600 cm-1 ) regions and a band at 
290 cm 1 (m,br) which could be 'v(RhCl). This value is more in keeping 
with bridging vRh-Cl but an even lower value for a terminal v(RhC1) 
has been noted (see next section). 
The reactions of (Tb) with AsEt 3 and DM50 were also investigated. 
In both cases, there was a colour change on addition of the ligand to 
(Tb) in CHC1 3 or benzene, but the only product isolated on concentration 
and addition of pentane or ether was trans_[RhC1(C0)(PPh 3 ) 2J; evidence 
was found for the presence of the bis-arsine and bis-DMSO complexes in 
solution. This observation will be discussed further in section (f). 
c) Reaction with triphenylstibine 
Reaction of [R1IC1(C0)(PPh 3 )) 2 with SbPh 3 (1:2 mole ratio) in 
benzene or chloroform gave an orange solution from which the expected 
product, [Rhcl(co)(PPh 3 )(sbPh 3 )J , was isolated as a yellow solid, on 
concentration and addition of pentane. Work-up of the filtrate gave 
a small amount of the red-brown complex 1Ihc1(co)(PPIi 3 )(sbPh 3 ) 2J which 
appears to be five co-ordinate. This complex can be prepared in much 
better yield by reaction of [Rhcl(co)(PPh3 )J 2 , [Ithcl(co)(PPh 3 )(AsFIi3 )J 
or [micl(co)(PFh 3 )(c 5n5N)] with an excess of SbPh 3 in benzene or 
chloroform. In dichioroniethane solution, however, reaction of 
[micl(co)(PPh3)] 2  with an excess of SbPh 3 produced a very dark red 
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solution from which a yellow crystalline precipitate of 
trans-[Rhc1(co)(PP1t 3 ) 21 separated. The filtrate contained 
[mCl(CO)(SbPh 3 )Jwhich was identified by comparison with an 
77 authentic sampie 6 '. In the absence of excess SbPh3 , 
[Rhcl(co)(PPh3 )(sbPh3 ) 2J readily loses one SbPh 3 , giving 
[Rhc1co(PPh 3)(Ph 3 )J in an analogous fashion to [RhC1CO(SbPh 3 ) 3J 
which is considerably dissociated in benzene soiution 6 . 	This 
behaviour can be rationalised on the basis of the following 
equilibria (2) 
3[RhC1(CO)(PPh3 )(SbPh3 )) +3SbPh 3 , 
3[RhCl(C0)(PPh3 )(SbPh 3 ) 2) 
[mc1co(PPh3 ) 2J +2[Rhcico(sbPh3 ) 3] +PPh3 	 (2) 
[rc1co(sbPh3 )J C6H6 can be prepared directly from [1C1(CO) 2] 2 and 
excess SbPh 3 in benzene 76,77  and also from trans- [RhC1(CO)(AsPh 3 ) 23 
and excess SbPh 3 . Interestingly, reaction of [ffi1C1(CO)(SbPh 3 )with 
excess AsPh 3 regenerates trax1s_[RhCl(CO)(AsIh 3 ) 2]. The low position 
of v(RhC1) in [IIiCl(CO)(Ph.) 3 }C6H6 (270 cm 1 , confirmed by preparing 
the br'omo-compound) is noteworthy as is - the-strongly clathrated benzene 
moieciiie 6 . The instability of[RhC1(C0)(PPh3 )(SbPh3 ) 2) in CH2C12 is 
probably due to the low solubilityof trans_[I11cl(co)(PPh 3 ) 2J in this 
solvent which results in the equilibrium (2) being well to the right. 
Thus [Ii1cl(co)(stPh 3 ) 3) and [RhC1(C0)(PPh 3 )(SbPh3 ) 2] are members of a 
series of five-co-ordinate Rh(I) complexes containing SbPh3 . A third 
is the cation [Rh(co) 2 (sbPh 3 ) 3) prepared by Hieber et al. ' 	The' 
expected fourth member, {Rhcl(co)(PPh 3 ) 2s1Ph3], could not be isolated 
although addition of excess SbPh 3 to a solution of trans-[RhC1(C0)(PPh3)2] 
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caused a colour change from lemon-to orange-yellow. This is not 
surprising since "soft" ligands (e.g. SbPh 3 ) stabilise five-co-ordinate 
Rh(i) and it has been concluded by Westland that "for Pd(II) and Pt(ii), 
the tendency of ligand donor atoms to confer upon the metal atom the 
ability to engage in five co-ordination increases in the sequence 
78 
N<P<As<Sb" (i.e. in order of increasing "softness"). 
These studies suggest that the only remaining reported six-
co-ordinate Rh(I) complex containing SbPh3 , [mi(acac)(co)(sbPIi 3 ) 3] '8 , 
. 	is probably the five-co-ordinate [rui(acac)(CO)(SIPh 3 )2}. The quoted 	1) 
analytical figures (C=5I.5; H.2; 0=3.7%) are intermediate between - 
those required for tRh(acac)(C0 )(SbPh3) 	(C55.9; H4.0; 0=3.2; 
Sb28.)4%) and tRh(acac)(C0 )(sbPh3) 2] (C53.8; H.0; 0=5.1; Sb=26.0%). 
An antimony analysis would be needed to distinguish between the two 
possibilities but the rarity of six-co-ordinate h(i) compounds and 
the similarity of the compound to [RhC1(CO)(SbPh 3 ) 33 and [RhC1(C0)(PFh 3 )- 
strongly favours the five-co-ordinate bis-stibine formulation. 
The stereochemistry of these complexes is probably trigonal bipyraimidal 
as this seems to be the preferred geometry for five-co-ordinate Rh(i). 
d). Metathetical reactions of 	iCl(CO)(PPh 3 )1 2  and IRhC1(C0)(PPh3)LJ 
-The complexes "[BhX(C0) 2 (PPh3 )]" were prepared by the action of 
the appropriate LIX (XBr,I) on 11 [Rhcl(c0) 2 (PPh 3 )J" in acetone61. In 
the light of the reformulation of "trans-[RhC1(C0) 2 (PPh 3 )]", these 
reactions have been re-investigated and extended. In addition to the 
bromide and iodide mentioned above, the complex with XSCN was 
synthesised using L±SCN in acetone. The lB spectrum of this complex 
showed a strong v(CN) at 2135 cm' and a weaker absorption at 2081 cm -1 
also assigned to v(CN). These values are close to the CN stretching 
frequencies of similar Pd(II) compounds containing a bridging SCN group 
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(2153-2162 cm 1 ) 79 . The analogous complexes [Rh(NCS)(CO)(AsR 3 )}2 
(Rm-CF3C6H1 -,C6H5-,-Cl-C6HO; have been studied by IR (in solution 
only;v(CN)ca. 2150 cm ) ; they are formed by the dissociation and 
dimerisation of the complexes of the type [Rh(NCS)(C0)(AsR 3 ) 2) in 
non-polar solvents. There is no tendency, apparently, for the analogous 
SbR3 or PR  complexes. to dimerise in this fashion. The extent of 
dissociation was related to the ir-bonding ability of the arsine 79 . 
It was also of interest to synthesise the complex with bridging 
acetate since the lB spectrum of acetates is very informative as 
regards mode of bonding. Reaction of (Ib, xci) with lithium or 
potassium acetates in acetone or methanol produced only buff, 
unidentifiable solids with no carbonyl bands in their I  spectra. 
However, by analogy with the reactions of the related [Rhcl(co) 2] 2 
with silver salts 1.  in non-polar solvents, (Ib, XC1) was reacted with 
excess silver acetate in lenzene, to give [Rh(OCOMe)(CO)(PPh32 as a 
dark orange-red solid. The complex had lB bands at 1572 and 1139 cm 1 , 
attributable to asymmetric (v(as)) and symmetric (v(s)) carboxylate 
stretching frequencies respectively (cf. Rh(ocoMe)(co) 2] 2 ; 1560 and 
1139 cm 	). The separation () of 133 cm between v(as) and v(s) 
is indicative of symmetrical co-ordination of the acetate ligand72 . 
The NIvIR spectrum showed the expected phenyl multiplet at Ca. 2.6T 
and a sharp singlet (OCOMe) at 8.58T. An attempt was made to extend 
the reaction, using other silver salts; with A92S0 and AgBrO 3 there 
was no sign of reaction on shaking in benzene. AgS2COEt appeared to 
react but no clean product could be isolated. 
compound on work up, with v(CO) at 1991 cm' 
(W-m), ca. 1500 cm (s,br), 1278 cm' (s), 9 
close to those reported for [i(NO3)(co)2)218 
AgNO3 gave a buff 
and bands at 1581 cm 
30 	-1, cm Ib m-s) which are 
and for bidentate nitrates 
in certain uranyl saits80. The complex was rather moisture sensitive 
and on attempted recrystallisation, rearranged to a complex with 'v(CO) 
at 1971 cm 1 . 
Reaction of [mi(NO 3 )(co)(PPh 3 )] 2 with AsPh 3 in benzenegave, on 
concentration and addition of pentane, a buff compound with v(CO) at 
1980 cm 1 and bands in its IR spectrum characteristic of NO  and AsPh 3 ; 
a reasonable formulation would be [mi(NO3 )(co)(PPh3 )(AsPh 3 )] , formed by 
cleavage of the nitrate bridges. Bridge cleavage reactions can also be 
carried out on the acetate and thiocyanate dimers to yield, using 
(typically) AsPh3 , [RhX(CO)(PPh 3 )(AsPh 3 )] as yellow solids. The 
acetato-complex [R1(OcoMe)(co)(PPh3 )(AsPh 3 )J has v(as)1606, v(s)=1323 cm-1  
(A283 cm ) indicative of unidentate co-ordination. The analogous 
[Rh(OCOMe)(CO)(PPh 3 ) 2] made from [Rh(OCOMe)(CO)2]218  and excess FF11 3 has 
v(as)=1610, v(s)1325 CM-1 (=285 cm 1 ). The 1 H NMR'spectra of these 
complexes showed a singlet due to the OCOMe protons at 9.20T ((PPh 3 ) 2 
complex); 9.23T (PFh 3 IA5F11 3 complex). This upfield shift of ca. 0.60T 
may be another method of distinguishing uni- and bidentateacetat 
co-ordination but the possibility of this effect being due to the ring 
current of the extra MPh 3 unit cannot be ruled out. The bis-phosphine 
complex has been studied by Csontos et al. 73 who formulated it as a 
five-co-ordinate complex with bidentate acetate on the basis of the 
ass 	Vas i6io, 	
.
v5 11 7O cm', (t=i'o cm). However, the quoted 
it V oeeurs in the same region as a strong FF11 3 absorption, which tends 
10 negate their conclusion. The thiocyanato-complex, [ri1(NCs)(Co)(FPh 3 )_ 
(AsPh3 )] , had an IR spectrum consistent with N-bonded thiocyanate 79 
(v(CN) 2064, v(CS) 810.cm). This feature is common to all known Rh(i) 
79,81 compounds containing a terminal SCN group. 
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The complexes [rIiX(CO)(PPh3 )(AsPh3 )) (XBr,I,SCN) can also be 
synthesised directly from [RhC1(Co)(Pp113 )(AsPh 3 )J and LIX. Pure 
products are obtained with LiBr and LISCN only if short (5 -20 mins) 
reaction times are used. Longer reaction times lead to contamination 
by Rh(±Ii) species (v(C0)>2000 cm 1 ); LII gives a small amount of 
Rh(III) species even if short reaction times are used. 
e) Reactions of [RhCl(C0)(PPh3 )] 2 with tertiary phbsphines 
Tertiary phosphines also cleave the halide bridge in 
[Rhcl(co)(PPh3 )J 2 and in some cases, complexes of the type 
[Rhcico(PPh3 )(PR3 )] can be isolated (successfully when PR 3 PPh2Me or 
when the stoichiometric amount of phosphine is added to a 
solution of 1(b) in acetone. The complexes are yellow solids and have 
been fully characterised by IR, analysis and m.p. (Table, p.75). The 
NNR spectrum of rucl(co)(PPIi 3 )(Pm2Me)j in CDC1 3 showed only a singlet 
resonance in the methyl region at 7.86T. Similarly the NMR spectrum 
of mixtures of trans-[Rhcl(co)(PPh 3 ) 2J and trans- [IThC1CO(PPh2Me) 2] in 
CDC13 (1:1 mole ratio) showed only a singlet in the methyl region; 
trans-[Rhcl(co)(PPh 2Me) 23 alone in CDC13 shOws the expected doublet of 
triplets 82.  '(jio Hz) centred at 7.81 T. Addition of 
trans-[mc1(co)(PPh 3 ) 2] to this solution in ratios as small as 
Ca. 1:10 (PPh 3 :PPh2Me complex) also gave a singlet methyl resonance. 
In addition, the same effect was observed when the NMR spectrum of 
traris-[mcl(co)(PPh 2 Me) 2] was measured in CS 2* 
The only explanation which appears applicable in this case to 
explain the loss of P-H coupling is that given by Fackler , etal. 8 to 
explain the 1H NMR spectra of compounds such as cis- [PdCl 2 (PPhMe2 ) 23 
and trans-[C1(C0)(PPhMe2 )] 8' , namely that P-H decoupling occurs in 
strongly coupled pLp systems because of facile phosphine exchange. 
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The singlet observed in this mixed-ligand complex corresponds to the 
calculated NMR spectrum given in fig.2, ref. 83 (i.e. that expected 
at intermediate exchange rates). Cooling a CDC1 3 solution of 
[lthCl(C0)(PPh 3 )(PPh2Me)] to 213 K produced the line broadening expected 
for a alower exchange rate but not the triplet predicted in the slow 
exchange limit. Similarly, heating in chlorobenzene to 353 K does 
not give the doublet expected in the fast exchange limit although 
some line broadening did occur. Presumably the small amount of 
free phosphine required to cause P-H decoupling in 
trans- [RhCl(CO)(PPh 2Me) 	comes from either partial dissociation of 
the added [ihC1(Co)(PPh 3 ) 2J and/or some displacement of PMePh2 by 
PPh 3 and consequent scrambling of phosphine groups in these labile 
d8 compounds. The singlet found for trans- [IhCl(CO)(PPh 2 Me) 2]in 
CS  could be due to enhanced dissociation in this solvent, compared 
to CDC1
35 
 since PPh 2Me readily forms 1:1 adducts with CS 28 . The NMR 
spectrum of [RhC1(C0)(PPh3)(PC6H,u3)) was also run but, as expected, 
it was far too complex in the aliphatic region to analyse. For 
[RhCl(C0)(PPh3 )(PPh2Me)) in solution, the existence of an equilibrium 
of the type given by equation (3) would account for facile phosphine 
exchange processes and resultant P-H decoupling 
2[RhCl(C0)(PPh3 )L] 
[]RCl(co)(PPh 3 ) 2J +[RhC1(Co)L2 ) 	 (3) 
There is further evidence for the existence of this equilibrium for 
compounds [rcl(co)(PPh 3 )L]. 	Reaction of [miCl(co)(PPh 3 )] 2 with 
tertiary phosphines LPPhMe 2 , PPhEt2 , P(p-MeC6H) 3 , P(n-C8H17 ) 3 
gave oils on solvent removal which on trituration with ethers or 
pentane gave trans-[FIiCl(CO)(PPh 3 ) 2]. There was evidence for [miCl(Co)L2] 
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in solution and solids could be isolated except in the case of 
L=P(n-C 8H17 ) 3 which was soluble in pentane. Similar results were 
found when AsEt 3 or DMSO were used (q.v.). However a reasonable 
assumption is that, for the [RIIC1(CO)(PPh 3 )L)compounds reported or 
attempted, the equilibrium in solution in CHC1 3 or benzene lies 
predominantly to the left-hand side of equation (3). Thus 
precipitation from solution with pentane, etc. gave pure samples 
of [mlcl(co)(PPh 3 )L] (L=AsPh3 , PPh2Me, SbPh3 , etc.) since these 
compounds would be expected to have the same low solubility in 
these solvents as trans- [RhCl(CO)(PPh 3 ), postulated only to be 
present in low concentration. However when L was a more alkylated 
phosphine, arsine or an alkyl sulphoxide, the mixed compounds and 
[Rhcl(co)L2) would be of higher solubility in pentane, etc. than 
trans_[micl(co)(PPh 3 ) 2J. 'Thus, preferential precipitation of the 
latter will occur and the equilibrium will be pushed to the right- 
hand side of equation (3). 
Excellent confirmation of this hypothesis is provided by the 
low-pressure carbonylation of [Riicl(co)(PPh 3 1 2 in various solvents. 
As has already .been discussed, carbonylation of benzene, chloroform 
or toluene solutions of 1(b) (in which trans_RhClCO(PPh3 ) 2] is 
soluble) gave a yellow solution, containing the species thought to 
be ._[RhCl(CO)2PPh3]n  (n probably 1). However, carbonylation of 
a methanol suspension or concentrated dichioromethane solution of 
trans-[Rlicl(co)(PPh 3 )J 2 gave a precipitate of trans_[RhC1(CO)(PPh 3 ) 2) 
and ERhC1(CO)2]2  could be isolated from the solution i.e. träns-
[rthcl(co)(PPh 3 ) 2] is of much lower solubility in these solvents than 
cis-[rhCl(CO) 2PPh3}. Equation (3) predicts that the other product 
should be [Ithcl(co) 3] which then can dimerise to give [Rhci(co) 2 
'' 
- 52 
with loss of CO; that the reaction 
[ithcl(co) 2) 2+2co 	 [2It1Cl(CO) 3 ] 
74 
can take place was confirmed recently (IR evidence). 
f) Attempted extension of synthesis of (Ib) (LPR 3) 
Reaction of [RhC1(CO) 2] 2 with two moles of tertiary phosphines 
other than PPh 3 did. not lead to isolation of pure complexes of the type 
[ruicl(co)(PR 3 )] 2 (PR 3=PPh2Me,PPh}4e2 , P(C6H, 1 ) 3 , PEt 3 ). On concentration 
of the golden-yellow.solutions formed initially and addition of pentane 
or ether, only oils or ill-defined solids were obtained. Reaction of 
these solutions (PR 3=PPh2Me,PPhMe2 ) with other ligands (LAsPh 3 etc.) 
did not give the expected product [RhC1(CO)(PR3 )L] in a pure state. 
e.g. addition of excess AsPh3 tocis-[RhC1(CO) 2 (PPh2Me)] in benzene 
caused an evolution of CO and a lightening of colour and a yellow 
powder was precipitated on concentration and addition of pentane. 
Although an IR spectrum of the product showed the presence of both 
AsPh 3 and PPh2Me, analytical data revealed some contamination and 
the 1H NMR spectrum contained evidence for the presence of the expected 
[miCl(CO)(PPh 2Me)(AsPh 3 )J (doublet of doublets centred at T.TTT: 
JP-CH' 9.5 Hz; 	Rh-CH 1.0 Hz). together with some 3 	 3  
trans- hC1(CO)(PPh 2Me) 2J (triplet of doublets at 7.84T). The mixture 
could not be separated by crystallisation or chromatography. The, 
solution from reaction of [11iCl(CO) 2  and PPhMe2 (1:2 mole ratio) gave, 
on addition of AsFh 3 and work-up, a yellow solid which appeared to be 
mainly tr2ns-[IhC1(C0)(AsPh3 ) presumably for the reasons discussed 
earlier (page 51). A similar lack of success was encountered using 
PEt 3 or P(C6H11 ) 3 e.g. work-up of the benzene solution from the 
this being the species present in solütion;see ref. 71. 
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reaction of [Rhcl(co) 21 2 1P(c611,1 ) 3 (1:2 mole ratio) gave a yellowish 
solid with no less thanfive v(CO) bands in its IR spectrum. 
The preparation of [midl(co)(PR 3 )] 2 was also attempted at low 
temperature in light petroleum in which the reactants but 'not the 
produát would be expected to be soluble. Reaction of [rthcl(co) 2J 2 
with 2 moles of PPh 2Me in light petroleum (bp 1 0-6o0C) at 263 K 
produced a golden-yellow solid with v(CO) at 1980 cm and two weak 
bands above 2000 cm' (cf. [ruicl(co)(PPh 3 )] 2 ). 	However, the analysis 
was completely wrong for the formulation [mlcl(co)(PPh 2Me)J 2 and the 
compound did not react with AsPh 3 . A similar result was found using 
[Rilcl(co) 23 2 and PPhMe 2 under the same conditions. Poilblanc'et'al. 6 
encountered similar problems while trying to isolate the above 
mentioned species and described the complex [1Cl(CO)(PPhMe 2 ) 2 as 
"a viscous unstable liquid". Rather surprisingly the PMe 3 compound 
69 seems to be quite stable . 
This general method via [micl(co) 2] 2 for the synthesis of 
[Rhcl(co)(r3)J 2  is complicated by the general lability of the 
intermediates (q.v.) and also by the possibility of the formation 
of mlcl(co)(PR3 ) 2} . However, alternative synthetic methods were 
reported 
86,87 
 while this work was in progress and they are worthy of 
mention, although no attempt was made to repeat them. The first 86 
dealt with the reaction of[(h 5_C 5H5 )Rh(C0)L) (LCO21 , PPh 388 ) with 
HC1 to yield [cicoLJ 2 . The second8 was similar, and the reaction 
of [mi(acac)cor] (LPPh 3 ,AsFh 3t ) with HX (XC1,Br), giving [Rhx(co)rj) 2 
An attempt to prepare [micl(co)(AsPh 3 )J 2 from [1hc1(co) 2J 2 and 
AsPh3 (1:2 mole ratio) in light petroleum (bp 40-60 0 ) at 268 K 
produced a yellow solid with v(CO) 1977(s) ([RhClC0AsPh 3 J2) 1962 cm-1 
(E1IC1CO(AsPh3)2]); carrying out the reaction in benzene gave 
[lmcico(AsPh3)2J as the sole product on precipitation. 
- 54 - 
was described. Reactions of this compound with L 1 to give 
{micl(co)LL 1] were also studied. The.postulated mechanism of the 
reaction of the h 5-05H5 complex is as follows:- 
2HC1 
2[(h 5-05H5 )Rh(cO)LJ 	2[(h5-05H5 )Rh(H)(CO)L]C1 	~ 
2[(h-05H6)RhCl(CO)LJ - 	 [mcl(co)L] 2+2c 5H6 
The presence of C 
 5 H  6  was confirmed by g.l.c. analysis. This route will 
probably be of synthetic utility in the formation of a wide range of 
complexes of general formula [iix(co)LJ 2 where L can be phosphine, 
phosphite or isonitrile since the starting material [(h 5-c5H5 )r(co)LJ 
is easily made, and the problem of side reactions and labile 
intermediates should not arise. The cyclopentadienyl complex cannot 
be made with LAsR3 or C 5115N, and the other route 8 7  to [Bllcl(co)LJ 2 
would be more applicable here i.e. via {Rh(acac)(CO)L} '8 , which is 
available dth LPPh
39
AsFh 3SbPh318 (L2 compound; see page 16 ) and 
probably can be made with a much wider variety of ligands than has 
been reported to date. 
g) Oxidative addition reactions 
i) 	[cico)(PPh 3 )(AsPh 3 )J 
This compound, being typical of Rh(i) mixed ligand complexes, 
was reacted with various small molecules YZ to give (formally)Rh(III) 
complexes of the type (RhCl(YZ)(CO)(PPh 3 )Asph 	(YZC121 12 ,MeI, etc.). 
The C1  and 12  adducts crystallised as solvates; mass spectrometry and 
analytical studies showed the presence of ca. 0.25 molIRh of CCl in 
both of these complexes. The reaction with Mel is very similar to that 
of the related trans- [HhC1(CO)(PPh 3 ) 2]. Ref'luxing for short periods 
(10-30 mins) in Mel gave a brown solid with IR bands 2060(s,sh), 1980(w), 
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1712(m) CM-1 and, in addition, the absorptions due to FF113 and AsPh 3 . 
With longer reaction times (ca. 14 hrs), a deeper brown solid with very 
weak bands at 2060, 1980 cm' and a strong broad band at 1712 cm 1 may 
be isolated. The darker solid analysed closely for [IC1I(COMe)(PPh 3 )(AsPh 3 )] 
0.5 Mel (the presence of the Mel solvate was confirmed by mass spectrometry). 
These results are consistent with the following scheme 
- 	[R11C1I(CO)(Me)(PFh3)(AsPh3)) [RhCl(CO)(PPh 3 )(AsPh3 )) +MeI fast 
v(CO) 1980 cm 	 v(CO) 2060cm -1 
slow 	r )(AsPh 
V(CO) 1712 cm' 
The reverse (acyl/alkyl) isomerisation can also take place; the equilibrium 
constant for the reaction 
RhC12 (C0)(Me)(PPh 3 ) 2 	 R11C12 (COMe)(PPh 3 ) 2 t 
(vi) 	 (vii) 
is approximately 1.7 at 298 K 4 . On heating, VI loses MeC1 via 
"Reductive Elimination", which is the opposite of "Oxidative Addition". 
The action of CO on [1C12 (COMe)(PFh3 ) 2] gives the carbonyl complex 
[miCl2 (Co)(COMe)(PPh 3 ) 2 J ( which would be formed if trans- [RhCl(Co)(PPh 3 ) 2J 
reacted with MeCOC1,which it does not). This compound can also undergo 
reductive elimination, losing MeCOC1. These processes are summarised in 
fig. 1.13. 
In this instance it was impossible to isolate the pure alkyl isomer 
by stopping the reaction after a short time and precipitating the product; 
there was always starting material and acyl isomer present as contaminants. 
VII was made from [Il1Cl(PTh 3 ) 3 and MeCOC1. There is no reaction 
between trans7[RhC1(CO)(FPh 3 ) 2] and MeC1. 
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[RhCI(CO)(PPh3)21 
A, MeCOCF 
[RhC'2 (COMe)(CO)(PPh 3 )21  




The IR spectrum of this mixture had a terminal 'u(CO) at 2060 cm 
(Rh(III), alkyl isomer) 1960 cm 	([RhC1(C0)(PPh 3 ).(AsPh 3 )} ) and 
1982 cm-1 which may be [RhI(C0)(PPh 3 )'(AsPh3 )) (v(CO) 1982 cm) and 
a weak band at 1712 cm (acyl isomer). The iodo-complex 
[iiI(CO)(PPh 3 )(AsPh3 )) could have arisen from reductive elimination 
of MêC1, a phenomenon which has been observed in the following 
reaction sequence 
49 




CO 	[1u1C11(Co)(Me)(PPh 3 )J {RhI(Co)(PPh3)a1 
• CH I 
- --- 	[]I2(Me)(Co)(PPh3)J 
'0 
Wilkinson et - 'a-1. 	reported similar observations on their studies of 
the [i1iCl(CO)(PPh 3 ) 2) IMel system (but see later in this section). 
Oxidative additions were also attempted with allyl chloride and acetyl 
chloride. Allyl chloride gave species with v(C0)>2000 cm 1 (Rh(III)) 
but they were invariably sticky solids with a resinous smell. Their 
NMR spectra consisted solely of very broad resonances. The reaction 
with acetyl chloride in the cold gave a mixture of starting material 
and a Rh(III) complex with v(CO) at 2078 cm (terminal) and 1709 cm -1  
(v(COMe)). This result shows the gradation in propertieson going from 
trans-[RhCl(CO)(PPh 3 ) 2] (which does not react with MeCOC1) to 
trans-[RhC1(CO)(AsPh 3 ) 	(which reacts with MeCOC1 to give the-rather 
unstable [m.c12(coMe)(co)(AsPh3)2J)0; as expected, the reactivity of 
[11hC1(C0)(PPh 3 )(AsPh 3 )J lies somewhere between these two limits and an 
equilibrium mixture is obtained. If the reaction was carried out under 
These species were not specifically mentioned in ref. 49; these 
authors stated "that the chlorine of [RhC1I(Me)(MeI)(PPh 3 ) 2) is lost 
as MeC1 can be shown". 
reflux, a product with two terminal 'v(CO) at 2060, 20140 cm 1 was obtained. 
The acyl band was broader and weaker than in the previous product; (this 
product was also a mixture containing starting material). The most likely 
explanation is loss of CO and isomerisation to {mlCl 2 (Me)(Co)(PPh 3 )(AsPh 3 )J, 
a process which has also been observed for [nhCl 2 (CoMe)(Co)(AsPh 3 ) 2J ° . 
This reaction emphasises the reversibility of the alkyl/acyl isomerisation 
in these complexes (see later). 
2) .[RhCl(Co)(PPh 3 )3 2 
The reformulation of "trans-[rx(Co) 2 (PPh 3 )J" made a 
re-investigation of the reported oxidative addition reactions 61 of 
"trans- [IX(CO) 2PP 3)" with various addenda (YZC12 , PhI, C1CO2Et etc.) 
of some interest. The correct formulation of "[RhC1 3 (CO) 2 (PPh3 )J" was 
readily verified by an oxygen analysis (required 6.1; found 3.3%) which 
suggested that the compound was the exPectedtrans_[RhXYZ(CO)PPh 3J 2 
(IV, X=Cl, YZ=C1 2 ; required, 0,341). The position of v(RhC1) at 3514 
and 3140 cm' suggested trans-addition of the halogen 8 ; v(RhC1) of a 
chloride trans to a phosphine would be expected to be around 270 cm 3 
(cf. mer-[RhC1 3 (PMe2Ph) 3] 89 : v(RhCl) trans to Cl 339, 313 cm-1 , trans 
to P, 273 cm). Rhodium chloride stretching frequencies seem to fall 
Ph 
3 P 
	 X 	CO 
Rh 	Rh 
OC/ X \Ph3 
IV 
I 
PhP 	Cl 	COCH 
3 
Rh 
 V  
CH3OC 	Cl 	PPh 3 
I 
V 
into two ranges: from 3145-293 cm-1 for two chlorides in mutual trans 
positions and 278-2614 cm for chloride in trans position to phosphorus 
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or arsenic ligands. In addition, bands in the IR spectrum of 
[icl 3 (co)(PPh 3 )J 2 at 225 and 2514 cin'might bebrIdging v(FthC). The 
complex was insufficiently soluble for an osmometric molecular weight 
measurement but further proof of the dimeric structure was given by the 
reaction with AsFh 3 which gave [R11c1 3 (co)(PPh 3 )(AsPh3 )J (and a little 
[Rhcl(co)(PPh 3 )(AsPh 3 )J by reduction) with'no evolution of CO; SbPh 3 
reacted in a similar fashion, giving a product analysing close for 
[Icl3 (co)(PPh 3 )(sbPh 3 )] , again with some reduction to the Rh(I) 
complex; PPh3 reacted to give mainhitrans-1RhC1(C0)(PPh 3 ) 21 . Extended 
reaction with pyridine in benzene solution gave, rather unexpectedly, 
11,26_ RhC13 (C 5H5N) 3] which was identified by comparison of its IR 
spectrum with the published data8. The reaction of [micl(co)(PPh 3 )) 2 
with acetyl chloride was also re-investigated. The product of the reaction, 
which must be 1Rhcl 2 (Meco)(co)(PPh 3 )1 2 had the same IR spectrum as reported 
for "[Pthcl(coMe)(co)PPIiJ" (terminal v(CO) 2082 cm 1 ; acetyl v(CO) 1711 cm 1 ). 
Reaction of this compound 'ith AsPh3 gave only [ruicl(co)(PPh 3 )(A5F1'i3 )J 
(identified by its IR spectrum) and nOne of the expected product 
[ic12 (co)(coMe)(PPh 3 )CAsPh 3 )J , presumably because of facile reductive 
elimination of acetyl chloride (cf. fig. 1.11 and section g(l)). 
The reaction of [Rhcl(co)(PPh3 )J 2 with Mel was also investigated 
Deganelloet al. 61 reported that "trans-[rthCl(Co) 2PPh3J" reacted with 
Mel to form tt[RhC1I(COMe)(C0)(PPh3)}t? via the labile alkyl intermediate 
"[RhC1I(co) 2 (Me)(PPh 3 )J". The IR spectrum of the final product showed 
both terminal metal carbonyl (2065 cm 1 ) and acyl carbonyl (1710 cm) 
bands, which supported the carbonyl-acyl formulation. Further studies 
have shown however, that on'proionged reaction of Mel and {Rhcl(co)(PPh 3 )] 2 
the acyl carbonyl band grows at the expense of the terminal band. The 
product obtained was not stable enough in solution for a molecular weight 
measurement, mass spectrometry showed only the PPh 3 fragmentation 
1 pattern and the .  H NNR spectrum revealed several resonances between 
6.0 and 9.5T. Two resônancesat 9.11 and 8.7 1 T might be Rh—Me 
resonances and a broad resonance centred at 6.65T may be acetyl protons 
but the spectrum is obviously more complex than one would expect from a 
mixture of [iUiClI(CH3)(CO)(PPII3)} 2 and [micll(coMe)(PPh 3 )} 2 which would 
be the expected products (IV, XC1, YZMeI, and V respectively). Douek 
etal. 1° also published 111 NMR spectra of Mel adducts of several Rh(I) 
carbonyl complexes and they too had more resonances than could be 
explained on the basis of a mixture of one alkyl and one acyl isomer 
but no explanation for this observation was given. The most likely 
answer involves the following equilibria: (for Rh(III)/MeI adducts 
in general) 
[rxI(Me)(co)L] -_. 	[1IaXI(COMe)L J 
(various isomers) 
This interpretation is substantiated by the observed 
reversibility of the alkyl/acyl isomerisation 1 , and the facile 
isomerisation of five—co—ordinate species, •via the Berry mechanism 90 
The barrier to rearrangement of a dimericfive—co—ordinate species may 
be higher but, in the absence of more direct proof, the postulate does 
not seem unreasonable. 
This final product from the MeII[RhC1(C0)(PPh 3 )J 2 reaction would 
appear to be an equilibrium mixture of the alkyl and acyl isomers, which 
on the basis of IR evidence, was wrongly identified as a compound 
6l containing both terminal and. acyl carbonyl groups by Deganello etai.  
This explanation is consistent with the results of a kinetic study 
carried out by Uguagliatietal., where rapid formation of an intermediate 
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(alkyl isomer), followed by a second, slower rate-determining step, 
was obserred62. 
Reaction of this mixture .of isomers with an excess of 
L(L=PPh 3 ,AsPh3 ,SbPh3 ) in chloroform or d.ichloromethane gives, on 
immediate precipitation with pentane or ether, orange-yellow crystalline 
compounds which analysed for [m1clI(Me)(co)(PPh3 )LJ (Table, page 75). 
These compounds also precipitated out when the reaction was carried 
out in concentrated dichioromethane or methyl iodide solution. The 
lB spectra of these complexes showed a strong terminal Rh(III) carbonyl 
band, a very weak Rh(i) carbonyl band but no acyl carbonyl band 
e.g. L=AsPh 3 ; v(CO) 2065(s), 2056(m) and 1980(w) cm 	(Nujol); 
2070(s) and 1980(m) cm' (CHC13 ) . The 'H NMR spectra of the 
complexes where L=AsPh3 ,SbPh3 showed several resonances between 8. 5 
and 9.2T in the Rh-Me region and no resonances between 6.0-7.OT. The 
spectra were of poor quality as the compounds were barely soluble 
enough to permit NIvIR spectroscopy. The cciiplexity of the spectra is 
probably due to the presence of several isomers (in fact [ML 1L2L3LL5L6
) 
systems could exist as no less than sixteen geometrical isomers) 
There are few reports of the isolation of pure Rh(III) methyl 
carbonyl compounds. Douek etal 0 report that, for addition of Mel 
to {RhC1(C0)(AsPh 3 ) 2), there was almost complete conversion to the 
alkyl complex before any isomerisation to the acyl form began, but no 
attempt was made to isolate this intermediate. Heck reported the 
preparation of [RhC1I(C0)(Me)(PBu) 2] which does not isomerise to the 
acyl form, possibly due to the basicity of the phosphines; this 
compound does, however, react with CO at 298 K and 1 atmosphere to 
give the acyl compound [RhClI(CoMe)(CO)(PBu)J. The previously 
mentioned reaction of [RhCl(PPh 3 )J 3 with MeCOC1 at 0°C also yields a 
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methyl complex but isomerisation to the acyl form is very fac1le. 
Graham et al. 91 recently reported the preparation of 
{(h5-05H5 )Rh(Me)(C0)(PMe2Ph)JBh4 by treatment of the acyl complex 
[(h5-0 5 115 )RhBr(coMe)PMe2Ph) with NaBPh in methanol. In this instance, 
the chloroiodo complexes are reasonably stable if stored in the dark 
under nitrogen. However, on light exposure, they slowly turned darker 
brown and their IR spectra showed the growth of an acyl band (1712 cm) 
but the analytical figures remained virtually the same (Table, page 75). 
A similar effect was noticed when the compounds were dissolved in 
CHC13IMeI solution; rapid darkening of the solution followed, 
accompanied by the growth of an acyl carbonyl band and loss of a 
terminal carbonyl band. Without Mel present, the acyl band and a band 
at 1980 cm-1  grow in intensity, probably due to reductive elimination 
of Mel (cf. refs. 110,1) giving [r1cl(co)(Pm3 )(AsPh3 )J (v(CO) in CHC1 3 
1976 	
l) 
The reason for the formation of a pure alkyl complex from a 
solution containing mainly acyl isomer is probably due to a 
combination of low solubility of the resultant monomeric alkyl 
compounds and the greater lability of the alkyl dimer compared to 
the acyl, towards cleavage by Lewis bases. Some support for this 
solubility argument is given by the failure to isolate pure alkyl 
species using more alkylated phosphines or pyridine; reaction with 
P(p-MeC6H) 3 or pyridine in CHC13 followed by precipitation with 
pentane gave species with both terminal and acyl carbonyl bands while 
P(C6H11 ) 3  gave a buff solid with almost no terminal v(CO). Established 
precedents exist e.g.[(h 5-c5H5 )IiiBr(coMe)PMe 2Ph) and NaBPh 1 9' and also, 
on grounds of solubility only, the isolation of the more insoluble 
cis- [Pdc1 2 (sP}i 3 ) 2 J from solutions containing predominantly the 
trans-isomer 92 
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Poilblanceta1. 6 also investigated the reaction of [Iic1(co)(PR 3 )J 2 
(PR 3=PPh3 ,'PMe 3 ) with Mel and formulated the adducts as (Rh 2Cl2I(Co)(CoMe)(PR 3 ) 2J 
Mel on the basis of analyses (C,H,I and P) and NMR studies (PMe 3 compound) 
which showed the two PR  ligands to be in different magnetic environments, 
compatible with the following structure A 
I 
Me-00 	 Cl 	 PR 






which could only have arisen by oxidative addition of one Mel group to 
two metal centres. The diamagnetism of this formally Rh(Ii) species was 
explained by postulating a Rh-Rh interaction as in the Rh(Ii) carboxylates. 
This interpretation does not, however, appear to be consistent with the 
previous observations noted in this work, since cleavage of compound 
(A) with Lewis bases would be expected to give either Rh(II) species 
or, if oxidation or disproportionation had taken place, Rh(III) species 
containing Me or - I but not both. The C,H,Cl and I analyses for these 
monomers fit very well for [RhClI(CO)(Me)(PPh 3 )L). Also, the NMR 
spectrum of the Mel adduct (iv+V), showed an assortment of resonances 
40 
in the region associated with both Rh-Me and Rh-COMe protons. The 
possibility that the PMe 3 compound behaves differently cannot, of course, 
be ruled out. 
3) [RhclCco 2J 2 
The action of chlorine and methyl iodide on [Iicl(co) 2] 2 was 
investigated, in view of the similarity to {Rhcl(co)(PPh 3 )} 2 . 
Passage of Cl2 gas through a CCl solution of [Rhcl(co) 2J 2 resulted, 
after about 10 minutes, in the formation of a very unstable, air sensitive, 
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red-brown precipitate with terminal carbonyl bands at 2195, 2l65(shoulder), 
2136, 2103, 209 1 , 2040 cm 1 ; the èxpectèd productwoüld be 1Rlicl3(co)2J 2 
which should have two v(CO) if the Rh 2Cl 2 skeleton was planar; the brown 
product is obviously a rather complex mixture. Recently, a report 
appeared93 wherein the reaction of [RhC1(C0) 2J 2 with C12 in chloroform 
was said to give an orange oil on work-up. Compounds of general formula 
[mix3(co)2]2 .t (XC1,Br,I) were also described, along with cleavage 
reactions with Lewis bases (PPh 3 ,AsPh3 ,C 5H5N) to give the appropriate 
[Rhx3 (Co)L23 complexes (Cf. action of AsPh3 etc. on [mc1 3(Co)(PPh3 )J 2 ), 
which supports the dinieric formulation. Varshavskii. 9 also 
studied the reaction of [niaCl(Co) 2] 2 with Cl2 in toluene and were able 
to isolate a brown complex which analysed for [RhC1 3 (C0) 2] 2
. The 
reaction of halogen (x2 ) with [l(acac)(CO)(PPh3 )} was reported to 
give the previously described[Rhx 3(Co)(PPh3 )] 2 (X2 not12 ). 
The reaction with Mel is of interest since it is closely 
analogous to the reaction of trans- RhC1(C0)(PPh3) 2 with Mel. 
Warming a solution of [Rhc1(co) 2 in Mel produced an immediate 
darkening of colour, and, after 30 minutes under reflux, a red-brown 
crystalline precipitate had formed. This had one terminal carbonyl 
band at 2079 cm 1 and an acyl band at 1710 cm 1 . There was no band 
below 400 cm' which could be assigned to v(HhC1) and this fact, coupled 
with a full analysis indicated that the species was [ru1I2(CoMe)(Co)n 
( n probably 2). The single CO stretch indicated aträns configuration. 
(A similar halogen abstraction in the reaction of[IrCl(CO)(PPh 3 ) 2] with 
ICH2CH2Ito give [IrClI2 (CO)(PPh3 ) 2 has been noted by Halpernetal. 39 ). 
The reaction of Mel with the closely related [ml(Co) 2 12J anion has been 
t Made from [mi6 (Co) 16 and the appropriate halogen. 
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studied by Forster95 , who states that the' initial 'product is Rh13 (CO)- 
(COMe)' 22 	(i.e.' [mil2 (Co)(C0Me)] 2+2f) but no further' details are given 
about this species' 	If [rhr2 (Co)(CoMe)) 2 was left in moist air, it 
decomposed to a black insoluble compound and a strong smell of acetic 
acid was detectable; the' IR spectrum of the black species showed' a vCO 
band at 2040 cm 1 and a shoulder at 2010 cm'. The' nature of this compound 
is uncertain; it cannot be [RhI(C0)2]2  which has v(C0) at 209 4 (m), 
2078(s), 2027(s) cm 
17  The acetic acid must have formed by reductive 
elimination due to the action of water and this reaction has been put to 
use commercially in the manufacture of acetic acid from methanol. 
The system used comprises wet methanol, CO gas, 12  or HI promoter' 
and a rhodium complex as catalyst. The active species is 
[Rh(Co)11 47(a) which is the most stable of the [ml(co) 2x2] ions in 
hydroxylic solvents; under the reaction conditions, most Rh compounds 
are converted to the active species so that easily available compounds 
such as RhCl 3 . nH2O may be used. The reaction scheme is given in 
fig. 1.14. The reaction is ca. 99% specific with respect to product 47(c)  
and is almost totally insensitive to poisoning by sulphur compounds, 
(which are often present in technical methanol), because they do not 
complex with [Rh (CO)2,21  under the reaction conditions. 
very impure CO can be used (up to 50% H 2 ) without affecting the reaction. 
The problems of product separation are naturally more difficult in a 
homogeneous system but the efficacy of the process may be judged from 
6 17() the size of plant recently put on stream (300xlO lb/year capacity) 
The reaction of [Iu1Cl(Co) 2] 2 with MeCOC1 was also studied; 
refluxing in MeCOC1 followed by concentration and addition of hexane 
produced a red-brown precipitate with a terminal carbonyl band at 
2090 cm-1 (vs), acyl at ca. 1750 cm 	(vbr,$) and v(RhCl) at 350 cm 	(s). 
A footnote said "To be submitted for publication", but nothing has 
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The absence of bands below 350 cm' might indicate loss of the dizneric 
structure and this was borne but to some extent by - ' the' analytical figures 
which were nowhèrè near those required' for {Rhc1 2 (co) 2 (coMe)1 2 which 
would be the expected product. The NMR spectrum showed' 12 resonances' 
between 7.OT and 9.5T, indicating a complex mixture and, in view of 
this, the system was not investigated further. 
CONCLUSION 
A close examination of the reaction between {icl(co) 2J 2 and 
PPh3 has cast light on this useful type of reaction and allowed the 
isolation of several interesting complexes. It is likely that studies 
on other Rh(I) dimers will be equally valuable both in providing an 
insight into the reaction pathways of these reactions and in 
synthesising new and interesting Rh(i) and Rh(III) complexes. 
''EXPERIMENTAL 
Microanalyses were by the National Physical Laboratory, Teddington, 
A Bernhardt, West Germany and the University- of Edinburgh Chemistry 
Department. Analytical data for many of the new compounds are given in 
the Table. Molecular weights were determined on a Mechrolab Osometer 
at 370  in ethanol-free chloroform. Infrared spectra were recorded in 
the region 4000-200 cm-1  on a Perkin-Elmer 225 Grating Spectrometer 
using nujol mulls on caesium iodide plates. Solution spectra were 
run in potassium bromide cells. Useful IR data is given below for 
each compound (measured as a mull unless otherwise stated). 'H 
NMR spectra were obtained on a Perkin-Elmer Model RS10 60MHz 
Spectrometer and a Varian Associates EA-lOO Spectrometer. Mass Spectra 
were measured on an A.E.I. M69 mass spectrometer and conductivity 
MIM 
measurements on a Model 310 Portland Electronics conductivity bridge. 
Melting points were determined with a Kofler hot-stage microscope and 
are uncorrected. Most of the reactions were carried out under a 
nitrogen atmosphere. 
Matériäls: Rhodium trichioride trihydrate (Johnson Matthey); 
triphenyiphosphine, dimethylphenylphosphine, iodomethane, dimethyl-
suiphide (B.D.H.): triphenylarsine (Ralph Emanuel): triphenyistibine 
(Koch Light) and carbon monoxide (Air Products Ltd.). The other 
tertiary phosphines were prepared by standard literature methods. 
Rhodium. (I) CbnipOithds. 
Trans-Di-i7chlorod.icarbony1bis(triphenylphosphine)dirhodium(I) - 
Triphenylphosphine (0.52 g., 2.0 m mol) in benzene (20 ml.) was 
added, dropwise with stirring to a solution of Di p-ählOrötétráäarbonyl-
dirhodium(I)15 (0.39 g., 1.0 mmol) in dry benzene (20 ml.). The 
mixture was stirred for 15 minutes, the solution concentrated under 
vacuo and pentane added to precipitate the prOduct as q . golden yellow 
powder (0.8 g., 93%)(v(C0) 2091w, 2023w, 1980vs cm -1 ; v(flhCi) 295 cm). 
Recrystallisation from hot benzene gives the pure trans-isomer 
(v(CO) 1980 	1) 
Trans-Di-p-bromodicarbonylbis (triphenyiphosphine ) dirhodium( I) - 
[mlcicoPPh3J 2 (0.43 g., 0.50 m mol) was suspended in acetone 
(25 ml.) and excess lithium bromide (ca. 3.0 g.) was added. The 
suspension dissolved and after shaking for 10 minutes, acetone was 
removed under vacuo and the product precipitated with distilled water. 
The orange-brown powder was filtered, washed well with methanol, ether 
and dried under vacuo at 40 (0.I3 g., 91%)(v(C0) 1982 cm'; v(RhBr) 
1 230 cm). 	Trans -di-p-iododicarbonylbis(triphenylphosphine)di rho dium(I) 
.. 
(v(CO) 1980 cm) and trans -di- J-thiocyanatodicarbonylbis(triphenylphosphine)-
dirhodium(I) (v(CO) 2001 cm 1 ; v(CN) 2135 cm; v(CS) 781 cm -1 ) were 
prepared by analogous metathetical reactions with the appropriate 
lithium salts. 
Trans-di-p-acetatodicarbonylbis (triphenyiphosphine )dirhodium(I): - 
1Rhc1c0PPh:31 2 was treated with an excess of silver acetate in 
dry benzene for one hour giving a dark orange-red solution. After 
filtering off excess silver acetate and precipitated silver chloride, 
the solution was concentrated under vacuo and the orange crystalline 
product was precipitated with dry pentane and dried in the usual way. 
(v(CO) 1971 cm; v(as) 1572 cm 1 ; 'v(s) 1139 cm' (CHC1 3 ); A 133 cm). 
Trans-di-7nitratodicarbonylbis(tripheny1phosphine)dirhodium( I) was 
prepared in a similar fashion using excess silver nitrate. The dark 
brown solution was concentrated under vacuo and the buff prOduct was 
precipitated with dry pentane. (v(CO) 1991 cm'; v(NO3 ) 1581, ca. 1500, 
1278, 980 cm-1 ).  
1): - 
[RhclCOPPh 3} 2 (0.39 g., 0.45 in niol) was suspended in benzene 
(25 ml.) and triphenylarsine (0.61 g., 2.0 in mol) in benzene (10 ml.) 
was added. The suspension immediately dissolved giving a pale yellow 
solution. Removal of solvent and addition of pentane gave the prOduct, 
recrystallised from dichloromethane/acetone as pale yellow needles 
(0.61 g., 91%) (v(C0) 1961 cm-1 ; v(RhCi) 311 cm 1 ). BrOmOäarbOñyl-
(triphenylphosphine)(triphenylarsjne)rhodium(I) (v(CO) 1959 cm 1 ), 
isothiocyanatocarbonyl(triphenylphosphine)(tripheiarsine)rhodiu(I) 
(v(CO) 1981 cm-1 ; v(CN) 206 1  cm-1 ; v(CS) 8I0 cm-1 ) and acétatOcarliOnyl-
(trihexiy1phohine)(triphenylarsjne)rhodjum(I) (v(CO) 1969 cm -1 ; 
v(as) 1606 cm; v(s) 1323 cm'; A 283 cm 1 ) were also synthesised from 
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the respective diners and excess AsPh 3 . The bromo- and thiocyanato-
compounds can also be prepared by reaction of [IC1COPPh 3AsPFi 3] with 
the appropriate 'lithium salts (short 'reaction times). For LII, even' 
short reaction times gave a. mixture of [RtIICOPPh 3ASP1I 3J (v(CO) 1982s 
cin) andhI3C0PPh 3AsPh 3) (v(C0) 2080w cm) (cf. analytical figures 
in the Table). 
phosphinc ) rhOdium( I): - 
[ruc1coPPh 3J 2 (0.20 g., 0.23 in mol) was suspended' in benzene 
(20 ml.) and dry redistilled pyridine (1.6 ml., 2.0 in mol) was added 
slowly with stirring. The suspension dissolved giving a pale yellow 
solution. Removal of solvent under'vacuo gave a red-brown oil which 
on trituration with light petroleum (b.p. 60_800)  gave the buff-yellow 
powder (0.20 g., 85%) (v(C0) 1962 cm-1 ; v(RhC1) 3o4 cm). Attempts 
to recrystallise or prolonged standing in chloroform led to extensive 
decomposition. Brbm6catb6hyl(ttij ~h6hylth Ph 69 ~ ih6)(pyridih6)th6diiit(I) 
(v(CO) 1966 cm-1 ) was similarly prepared from the bromo diiner. 
(v(C0) 
1960 cm-1 ; v(RhCl) 301 cm-1 ) and'chIorooatboxl(triphenyaphosphIne)- 
(dimethylsulphide)rhodium(I) (v(C0) 1965 cm -1 ; v(RhCl) 310 cm-1 ) 
were prepared in analogous manner to [rthcico(PPh 3 )(c 5H5N)J using, 
fRhClC0PPhJ 2 and excess p-toluidine or dimethylsulphide respectively. 
The latter compound slowly loses dimethylsuiphide on air-exposure. 
Chloroearbonyl(triphenylphosphine)(triphenylstibine)rhodium(I) :- 
{RhcicoPPhJ 2 (0.30 g., 0.35 m mol) was dissolved in benzene 
(20 ml.) and treated dropwise with a benzene (10 ml.) solution of 
triphenyistibine (0.25 g.-, 0.70 in inol). The orange solution rapidly 
gave a pale orange-yellow solution. Removal of some solvent under 
vacuo and addition of pentane precipitated the yellow'prOduct which 
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was washed with ether and dried undeuo (0.80 g.,.80%) (v(CO) 1959 cm -1 ; 
v(RhC1) 311 cm). The Orange-yellow filtrate On evaporation of solvent 
gave the reddish-brown crystealiné 'sOlid 
'bis(friphénr1stibmn6)rh6dii.im(I) (v(CO) 1960 cni; v(RhCi) 317 cm 1 ). The 
same compound can be made in high yield by reaction of benzene solutiOn 
df either [IicicoPPh 3J 2 , [1ClC0(PPh 3 )(AsPh 3 )] or [RhcicoPPh 3c 5 i-i 5NJ with 
a four-fold excess of SbPh 3 . Removal of solvent and addition of ether 
gave the same red-brown crysta11ineprOdüct.. However, in dichioromethane, 
the initial dark-redsolution from [RI1C1COPPh) 2 and excess SbPh 3 gave, on 
concentration, the pale yellow solid trans_[RhC1CO(PPh 3 ) 2J (characterised 
by IR spectrum and m.p.). The remaining orange-red solution on solvent 
removal and addition of diethyl ether/pentane gave a dark red precipitate 
of chlororbony1tris(triphe4ylstibine)rh6djum(I) (v(CO) 1960 cm; 
v(RhCi) 270 cm-1 ). The ethereal filtrate contained triphenyiphosphine. 
An authentic sample of [ii1cico(sbPh 3 )J C6H6 was prepared by the method 
of Ugo et al. 	 ([RhCl(C0) 2] 2 and excess SbPh 3 ). The same compound 
can also be prepared from the reaction of 't±ans-[RhC1CO(AsPh 3 ) 2J and 
excess SbPh 3 in benzene (Found: C, 5.8; H, 3.7; Cl, 2.2;0, 1;1; 	( 
Sb, 31.2%, Calculated for C 61H51C10 Sb 3 Rh:- C 56.2; H 3.8, Cl 2.7; 
0, 1.1; Sb 28.2%). 
Ch1orocarboñy1(triphényIph6hire)(methy1diphenylph6sphine)rh6dithn(I):- 
[IhClCoPPh 31 2 (o.io g., 0.11 m mol) was suspended in dry acetone 
(is ml.) and niethyidiphenyiphosphine (0.04 g., 0.22 in moi) in acetone 
(5 ml.) was added slowly with stirring. The suspension dissolved giving 
a pale yellow solution. Removal of solvent and addition of ether to the 
resultant oily solid gave, the ,product as a lemon-yellow powder (v(C0) 
1963 cm-1 ; v(RhC1) 308 cm-1  ). Thin-layer chromatography showed a single 
spot with an Rf .value slightly larger thari'trans-[RhC1CO(PPh3)2J. 
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Similarly, 
rhOdiuiñ(I) (v(CO) 1950 cm; v(RhC1) 310 cm 1 ) was made in chloroform 
solution, precipitating théprOd.iictwith light petroleum (b. p. 40-600 ). 
Attempts to prepare [RhcicoPPh 3L] (L=PMe 2Ph, PEt 2Ph) by the same 
method gave only a precipitate of trans-[RhC1CO(PPh 3 ) 2 J and yellow 
ethereal solutions containing [Riic1coL 21 (confirmed by comparison 
with authentic samples made by literature methods 19 ). Similarly, only 
trans-[RhClCO(PPh 
3 q was isolated from the reaction of [RhcicoPPh 3] 2 
with excess AsEt 3 or. (CH 3 ) 2SO. 
Carbonylation of [i1Cl(CO)PPh 3] 2 
Inbêrènë,'tbiuêiiéoröhlorOfOrm:- Reaction of the orange benzene 
solution with CO at room temperature gives an immediate lemon-yellow 
solution (v(C0) 2090, 2008 cm 1 ) which on removal of solvent under 
vacuo or purging with nitrogen reverts to [RhClCoPPh 3 } 2 (v(C0) 1980vs, 
2090w, 2023w, cm 1 ). 
In methanol suspension:- {Iiac1coPPh 3J 2 was suspended in methanol 
and CO passed for 1 hour giving a pale yellow precipitate and an 
orange solution. The yellow precipitate was trans_[RhC1CO(PPh 3 ) 2] 
(IR spectrum and analysis: Found:- C, 61.7 ;  H, 4. 1 % Calculated for 
C 37H30C1OP2Rh:- C, 61.3 ; H )4.3%).  Removal of solvent from the niethanolic 
orange solution gave a black solid. Extraction with light petroleum (b.p. 
60_800) and concentration of the resultant orange solution gave orange-red 
needles of [ithcl(co) 2] 2 . The same behaviour was observed in concentrated 
dichloromethane solution. 
Rhodium (iii) Compouflds 
Trans-Di-1-iodotetraiododiacetyldicarbonyldirhodium( iii) 
[IthCl(co) 2J 2 (0.1 g.) was refluxed in 15 ml. Mel for 30 minutes. 
The colour darkened immediately and a dark brown crystalline precipitate 
formed. This was filtered off, washed with ether and dried under vauo 
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Addition of pentane to the' filtrate produced' a furthel' amount of the 
product as a brown powder. (v(C0) 2079 (terminal)', 17140 cm 1 (acyl)). 
The' reaction with MeCOCI was carried out similarly, and the 
'product was precipitated by the addition of pentane as a red-brown 
powder (v(CO) 2090 (terminal), ca. 1750 cm' (acetyl) v(BhCl) 350 
'Trans-di-p-chlorotetrachlorodicarbonylbis(triphenylphosphine )dirhodium( III): - 
Dry chlorine was bubbled through a suspension of'tr6ns-[RhC1COPPh 3} 2 
in dichioromethane for ca. 5 minutes. The solid dissolved completely 
giving an orange-yellow solution which on concentration in 'vacuo and 
addition of pentane gave the product as an orange-yellow powder 
(v(C0) 2110 cm 	v(RhCi) 3514, 3140 cm). 
Di-j-chlorodi-iododiacetybis(triphenylphosphine)dirhodium(III) and 
di-.i-chlorodi-iododimethyldicarbonylbis (triphenylphosphine ) dirhodium( iii) 
mixture:- [RhcicoPPh 3]2 was treated with methyl iodide for 3 hours giving 
a red-brown solution. Removal of solvent and addition of pentane gave the 
product as a dark-brown powder (v(C0) 2065 cm; v(C0CH_)' 1710 cm 1 ). If 
the reaction was carried out for 18 hours the same products were formed but 
the amount of methyl isomer had substantially decreased and that of acyl 
increased (IR evidence). 
[Rhc1 3coPPh3) 2 was shaken in chloroform with excess AsPh 3 for ca. 
30 minutes. Removal of solvent and addition of pentane gave the'prOduct 
as a deep yellow crystalline powder (v(C0) 2102 cm 1 ). A small amount of 
{RhC1CO(PPh 3 )(AsPh 3 )) was also formed. Similarly, 'triáhlOrOäarbOnyl-
(triphejlphosphur)(triphenyistibine)rhodium(III) ('v(CO) 2098 cm, 
v(RhC1) 3145 cm 1 ) was prepared from RhC13COPPh3 2 and excess SbPh 3 . 
Again some [RhcicoPPh 3stPh3j was also formed. With [Rhcl 3coPPh 3J 2 and 
PPh3 (1:2 molar ratio) the main product was trans- ERhC1CO(PPh3)2). 
- 	 - 
[IthC1 3C0PPh3AsPh was also prepared by chlorination of RhC1COPPh 3AsPh3 
in CC1 (the compound contained Ca. 0.25 mole CC1 14 solute per rhodium). 
Similarly, treatment of [RhC1COPPh 3ASPh 3] with iodine in CCl 1 gave 
• 
• 0.25 carbOn tétrachlbride (v(CO) 2080 cm) 
Reaction of [RhC1COPPh3AsPl 	with methyl. oddunder reflux for 
30 minutes followed by concentration and addition of pentane gave a 
dark brown powder which is a mixture of predominantly ählOrOIOdo- 
:0.50 methyl 
iodide (v(COCH3 ) 1712 cm) and hibOiOdämethy1äá±bOñyl(t±iphénylphos-
hirie)triphenylarsinerhOdium(III) (v(CO) 2060 cm -1 ). After 1 hours 
reflux, almost all the product was in the acetyl form. A small amount 
of rhodium(I) complex (v(CO) 1980 cm-1 ) is also present. 
Reaction of the isomeric mixture [RhclIdH 3(co)PPh3 J 2 and 
[I1C1I(CodH3 )PPh3] 2 with excess AsPh 3 in chloroform or dichloromethane 
followed by immediate precipitation with pentane gave the pure 
orange-yellow prbdüct [RhC1ICH 3(CO)(AsPh 3 )} (v(C0) 2065 cm). 
Similarly, reaction with L(L=PPh 3 or sbPh3 ) gave [IhclIdH3 (co)PPh3L]. 
In solution, these rapidly isomerise to the corresponding acyl isomer. 
Trichlorotrispyridinerhodium(III):- [Rh cicoPPh 3J 2 was treated with 
excess pyridine in benzene for 21 hours giving a yellow solution. 
Removal of solvent and addition of light petroleum (b.p. 60-80 ° ) gave 
an oil which after prolonged treatment with ether (24 hours) gave a 
yellow powder, washed with methanol and dried invacuo (Found: C, 140.2; 
H 3.3, N, 8.6% Calculated for C15H 5Cl 3N3Rh:- C, 140.3; H, 3.14; N, 9.14%). 
Comparison with the IR spectra of authentic samples of 1,2,3 and 
1,2,6-[RhC13(C5H5N) 
311a 
 indicates the latter has been formed. 
Complex 
[iC1CO(PP 3 )- 
(AsPh 3 )] 
[mcico(PPh 3 )_ 
(c 5H5N)} 
[cico(PPh 3 )- 
(MeC6H 14NH2 )J 
[R1iC1CO(PPh 3 )- 
(Me2S)] 
[RhC1C0(PPh 3 )- 
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Table 
Analytical data for somê1idium(I) :and Rhodium_(I) . Complexes 
Found (%) Required (%) 
Colour m.pt. C H Others Moo 1.t.a C H Others Mol.wt. 
Pale- 2300 (d) 6o.1 4.1 As,9.7; 0,2.2 737 60.5 1.1 As,10.2; 0,2.2 731 
Yellow 
Buff- 1800 (d) 56.8 3.9 N,3.1; 0,14.7 570 56.8 3.9 N,2.8; 0,3.2 507 
Yellow 
Yellow 128-300 (d) 56.5 14.14 N,2.7 - 56.0 5.0 N,2.6 - 
Yellow- 105° 50.9 14.1 - - 51. 14 14.3 - - 
Brown 
Lemon- 
150-53° 61.2 14.5 - - 61.1 14.5 - - 
Yellow 
Pale- 1900 (d) 62.6 6.5 - - 62.7 6.8 - - 
Yellow 
Yellow 2200 (d) 57.1 3.9 P,14.14; 	Sb,16.2 8014 56.9 3.8 4. 0; Sb,15.6 781 
Complex Colour 
[1c1co(PPh 3 )- Red- 
Brown 
[Rhcl3co(PPh3)- Yellow 
(AsPh 3 )] o.cci 
[RhclI2co(PPh3)- Brown 
(AsPh 3 )] 0.25ccl 
[micll(codll3 )(PPh 3 )- Dark 
(AsPh3)] O.SCH 1c,d. Brown 
[IhC13co(PPh3)- Yellow 
(sbPh3)] e 
[RhclI(cocH3 )- Dark 
PPh 3J 2 Brown 
[im clIdH3 (co)- Orange- 
(PPh3)AsPh3J g Yellow 
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Tablé(contd.) 
Found Required (%) 
rn.pt. C 	H 	Others 	MO1.,t.a C H Others 	Mol.wt. 
2300 (d) 57.7 	3.9 	P,2.9; Sb,20.7 	- 58.2 14 • Q P,2.7; Sb,21.5 	- 
2100 (d) .52.1 	3.6 	C1,13.7 	 - 52.0 3.6 cl,16.7 	 - 
2350 (d) 141.6 	2.8 	C1,7.2; 1,25.5 	1022 143.5 2.9 Cl,6.9; 124h7 	1027 
125-9° 148.7 	3.6 	1,21.9 	 - 48.7 3.7 1,20.2  
126-1290 	50.14 	3.5 
	
52.1 	3.5 	- 	 - 
131° 	143.14 	3.14 	1,22.3; Cl, 14.7 	- 
	
142.1 	3.2 1,22.3; C1,6.2 	- 
168-70°(d) 	51.1 	3.7 Cl,14.2; 1,114.3 	- 
(52.o)'(3.8) ' 
	 52.1 	3.8 Cl,14.i; 1,114.5 	- 
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Table:(contd.) 
Found (%) 
Complex Colour m.pt. C H 	Others 
[clIcH3 (co)- Orange- 160-1620 55.2 1.1 C1,5.2;I,12.8 
Yellow (55•1)h(•1)h 
(c1IcH3 (co)_ Orange 165-670 19.6 3.6 Cl,.1; 	I,l.O 
(PPh3)Ph3] Yellow (49.6)h (3-7 
[RIIBrCOPPh} 2 Orange- 
153-560 (d) 48.2 3.2 	- 
Brown 
[IBrCO(pPh 3 )- Orange- 
200-50 56.6 3.8 	- 
(ASPh 3 )J Brown 
hBrCO(PPh 3 )- Buff- 1650 (d) 52.6 3.7 	N,2.9 
(C 5H5H)] Brown 
[RhSCNCOPPh 2 Pale- isoo (a) 50.8 3.3 	N,3.6; 0,3.4 
Yellow 
11;hNcsco(Ph3)- 
Yellow 2050 (d) 60.2 4.o 	N,2.0 
(AsPh 3 )] 
[(OCOMe)COPPh 3] 2 Red- 1270 (d) 55.5 4 .1 	- 
Orange 
Required (%) 
MOl a 	C 	H Others 	Mol.wt. 
	
51.8 	14.0 Cl, 11.3; 1,15.3 	- 
149.14 	3.6 C1,3.85; 1,13.8 	- 
935 
	
148.3 	3.2 	- 	 91414 
71 O 
	
57.0 	3.9 	- 
	 778 
52.3 	3.6 N,2.5 
53.2 	3.3 N,3.1; 0,3.3 
685 	60.3 	14.0 N,1.9 
	
757 
- 	55.9 	4.0 	- 
Complex 
[i1i(000Me )CO(PPh 3 )- 
(As Ph 3  )J 


















62.1 	14.1 	- 
52.0 	3.14 	- 
8.3 	0.9 C1,0.0; 1,59.3 	-  
Required (%) 
2. 	••. :Qthers 
61.7 	14.3 	- 
53.8 	3.6 	- 
8.14 	0.7 	C1,0.0; 1,59.3 
MIa Mol.wt. 
826 
a Osmometrically in CHC13 (370 ) 
b From \R1,ClCOPPh 2 and excess SbPh 3 
C From [BhClCO(PPh 3 )(AsPh 3 )3 
d In equilibrium with a small amount of 
BhClICH3 (CO)PPh 3AsPh 
e From 1RhCl 3C0PPh32 and SbPh3 
In equilibrium with a small amount of 
RhClICH3 (C0)PPh32 
g 	From hClI(C0CH3 )PPhj 2 (plus alkyl isomer) 
h 	Analytical figures for aged. samples 
(lit days) in parentheses 
Too insoluble for molecular weight determination 
' 	
Contains some VLRhI3C0PPh3AsPh. 
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CHAPTER 2 
• Platinum and 'Palladium 'COméxës Of 'Dithi6-acid'I4arids ánd 
• 'their IntéräätiOri with 'Li,g,ands 'COntáiniziK'GrOüp 'VB 'AtOms 
• Preamble 
Similar trends to those already noted in the Co,Rh,Ir triad can 
also be seen for Ni, Pd and Pt. Thus, higher oxidation states become 
increasingly important and the +14 oxidation state, which is rare in 
Ni chemistry, is very extensive in Pt chemistry. Also, lower oxidation 
states become more important and the heavier metals have a fairly 
extensive M(0) chemistry. However, since this Chapter is only concerned 
with the +2 oxidation state, only this state will be considered in any 
detail. 
Pt(II),Pd( II) d8 
Pt(II) and Pd(II) chemistry is broadly similar and is best 
considered together. The usual co-ordination geometry is square planar 
and few exceptions are known as in the case of iso-electronic Rh(I). 
Five co-ordination usually occurs when ?tSOft?t  ligands are present (e.g. 
SbR3 , SnC13 etc.); an example is [Pt(snCl 3 ) 5J 3 which is trigonal 
bipyrthnidal 6 . Five co-ordinate complexes with polydentate or tripodal 
ligands are also known e.g. [M(P{o_Ph 2PC6H1. }3)X] 97 (M=pt,Pd; Xhalogen). 
The existence of Pt(II) and Pd(II) complexes containing no 
it-acceptor ligands contrasts with the chemistry of isoelectronic Rh(I) 
and Ir(I). The usual starting materials in Pt and Pd chemistry are 
MCi2 or K2MC1 14 from which a vast range of complexes of general formulae 
[ 14I 2_ [1tx3L[ 'cis- and trans- [v1x 2L2J , [MxL3] and []2+  can be 
synthesised (x=halogen, Lneutral ligand). As in the case of square 
planar Ni(II) and Rh(i), all of these complexes are diamagnetic. The 
kinetic inertness of the Pt(II) complexes has led to their playing an 
important role in the study of geometrical isomerism and ligand 
substitution reaction mechanisms; Pd(II) is considerably more labile 
than Pt(Ii) and has therefore not been so extensively studied from a 
kinetic standpoint. 
Available data on the substitution reactions of Pt(II) indicates. 
an associative mechanism is operating. The negative values obtained 
for S* (see Table 2.1) from the study of a large number of reactions 
of cationic, neutral and anionic Pt(II) species support this suggestion. 
Furthermore, studies of the reaction rates in the series of reactions 
[Pt(NH 3 n n-nJ ) Cl 
1 +H20 + [Pt(im3) n  Cl 3-n (H 2 .1 
0)1 +Ci 
n0-3 
showed a variation of only a factor of 2 on going from the -2 to +1 
complex 11.  This is a very small variation since Pt-Cl bond breaking 
should become increasingly difficult as the charge on the metal becomes 
more positive. Therefore the conclusion that must be drawn is that the 
process is an associative, SN2-type  reaction wherein Pt-Cl bond breaking 
and Pt-OH2 bond formation are of comparable importance. The tiH values 
for these reactions (Table 2.1) show a similar small variation. 
Kinetic studies of Pt(II) substitution reactions have given rise 
to the concept of the träns- effect. If the general reaction 
[PtLx+f + [PtLx2Y] -+x 
is considered, it can be seen that there are two possible reaction 
products, the'Ois- and trans- isomers. It is found experimentally 
that the relative proportions of cis- and trans-product vary 
appreciably with the ligand L. From this, it is possible to order a 
fairly extensive series of ligands with respect to their ability to 
facilitate substitution in the positiontrans- to themselves. It must 
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Table 2.1 
Substrate Solvent Reagent kcal mole - ' eu 
[Pt(dien)C1J H20 H20a 20 —18 
Br - 13 —25 
N3 - 16 —17 
I - 11 —25 
SCN - 10 —28 
Thiourea 8.5 —31 
[Pt(dien)Br]' H20 H2O 19.5 -17 
N3 - 15.5 —17 
11 —25 
SCN - 9.5 —27 
Thiourea 8.5 —29 
[Pt(dien)Cl] 4 (CH3)2S0 N3 - 17 - 15 
Thiourea 13 —28 
[Pt(dien)Br] (CH3)2S0 N3 - 18 —11 
Thiourea 14 —22 
trans-[Pt(PE02C 121 CH3OH NO2 - 15.1 —31 
N3 - 15.5 —24 
SCN 10.0 —28 
SeCN 8.5 •-27 
trans-[Pt(pip)2C 12] CH3OH CH30H 18.8 —18 
Cl - 14.7, —21 
NO2 - 13.7 —25 
N3 - 10.8 —33 
SCN - 9.1 —30 
SeCN - 8.4 —28 
trans-[Pt(PEt3)2(C6H5)CIJ CH3OH CH30H 12 —36 
Br - 16.5 —12 
N3 17 —11 
- I - 12 —24 
Thiourea 7.5 —30 
[PtC] 4 ]2 H20 H20 21 —8 
[Pt(NH3)C13 ] H20 H20 19 —15 
cis-[Pt(NH3)2C]2] H20 H20 20 —14 
[Pt(NH3)3C]] H20 H20 18 —18 
a Rate constants corrected to second-order units 
Aetivation parameters for some Pt(ii) substitution reactions. 
(Reproduced from ref. 98). 
be emphasised that thé'trans- effect is defined in this context u±er 
as a kinetic phenomenon and, since it depends on activation energies, the 
stabilities of both the grouiid state and activated complex are important. 
Possible explanations for the effect are either ground-state 
weakening of the bond about tobe broken, or activated complex 
stabilisation, or both. The first explanation ("d trans-effect t') can 
be rationalised by postulating a charge distribution, as follows: 
000. 
L-M--X 
The primary charge on the metal induces a dipole in the ligand L which 
in turn induces a dipole in the metal. The orientation of this dipole 
is such as to repel negative charge in the trans-ligand X and hence X 
is less attracted to the metal because of the presence of L. This 
theory predicts that the magnitude of the trans-effect and the 
polarisability of L should be related; for some liganãs e.g. 
such a correlation is observed. 
The second explanation, activated complex stabilisation has 
already been partly considered, in terms of stabilisation of five-co-
ordinate Rh(I) [d 8 ] complexes (page 13 )by e.g. 11', SbR 3 etc., which 
do in fact have a high trans-effect. The stabilisation theory, however, 
only applies to ligands which are ri-acceptors and which can withdraw 
electron density from the metal when five ligands are bound to it (i.e. 
in the activated complex) as follows: 
-x 
This effect will, furthermore, direct an incoming nucleophile towards 
X, which lies in a region of low electron density, (tt Tr_trans_effecttt). 
The first theory predicts the following order of decreasing 
trans-effect:- 
H>PR3>SCN>I ,CH3 ,CO ,CN>Br>Cl>NH3>OH 
while the second predicts the order 
CO ,CN>PR3>-SCN>I>Br>Cl>NHfOH 
while the a.ótual order is 
CO,CN>PR3 ,H>CH3 >I , SCN >Br ,Cl >NH3 ,OH 
which is a combination, apparently, of both trans-effect series. The 
relative importance of the two effects remains a subject for speculation 
in many cases, although in the case of H and C11 3 it is thought that the 
effect is due solely to ground-state weakening 11. 
Introduction 
a) 	Dithi6acidCOnp1exes* 
Numerous complexes of the type [M(s-s) have been prepared 
(M=Ni,Pd,Pt; (S-S)S2COR,Th2CNR2 ,Th2P(OR) 2 ,Th2CR, etc.) and it is 
instructive to compare and contrast the properties of the Ni complexes 
with those of Pd and Pt. Thus all of.the[M(S-S) 2] complexes so far 
investigated have a square planar (or very nearly so) tfMS1  core 100 
The Ni complexes show a variable affinity towards N-donors and 
forinboth five- and six-co-ordinate adducts. For example, 
[Ni(s2PtoEt2)2] forms adducts with donors such as pyridine or 
14-picoline and also with poorer donors such as butylaznine whilst 
H and CH  have been omitted as they are unlikely to form ir-bonds. 
* see ref. 99 for general reviews on dithio-ligand complexes. 
(excluding dialkyl(aryl)phosphinodithioates (see section (b)). 
tt with°One exception, [Ni(SPMe 2NPMe2S) 2J, see ref. 100(a), ref. 76 therein. 
or-TIE 
Ni(s2cNEt2 )J shows no change on dissolution in pyridine at room 
temperature101 ;{Ni(S2COEt) 2] is intermediate in reactivity. Sterically 
unhindered bases such as pyridine form 2:1 adducts with octahedral 
stereochemistry but hindered bases like quinoline or 2-picoline form 
only 1:1 square pyramidal adducts. PPh 3 has also been reported to 
form a 1:1 adduct with 1Ni(S2POEt 2 ) 2J 102 . Fackle ) 01 have 
qualitatively rationalised the reactivity of NiS chelates towards 
Lewis bases interms of the ability of the dithio-ligand to mesoineric-
ally shift electron density into the metal lp orbital. A strong 
interaction would decrease the 
interaction with bases. 
In contrast, Pt and Pd chelates containing the MS core do not 
appear to co-ordinate N- donors such as pyridine to give stable adducts. 
A report has appeared 103  wherein the reaction of[M(s2PoEt 2 ) 2J (MN1, 
Pd,Pt) with BuNH2 , C 5H5N and piperidine was studied. No reaction was 
observed with M=Pt, but a solid adduct i.'-.s formed with piperidine and 
the Pd complex. Also, addition of BÜNH 2 to the Pd compound produced 
marked changes in its absorption spectrum which might indicate 
substantial interaction. 
b) 	Dialkyl(aryl)phosphinodithibatë COplexes 
The pioneering work in phosphinodithioate chemistry was carried 
out by Malatesta et al. who prepared the ligand by reacting P 14 S1 with a 
Grignard reagent 	The phosphinodithioic acids were separated via their 
Ni(II) and Cd(II) salts, which dissolve very readily in organic solvents. 
Yields were very low by this method and better methods of preparation 
are now available99 "05 . 
The ligand properties of the S 2PR2 group have been extensively 
studied99 ' 105 and only the Ni, Pd and Pt complexes will be considered 
here in detail. Complexes of the type [Ni(52PR2 ) 2] with R=Ph108, Me 107 
F 7 , CF3197 have been prepared and the complex with R=Ph, which has a 
109' square planar structure 	, has been shown to react with bases such as 
pyridine to give 2:1 adducts with pseudo-octahedral geometry 110 . 
C) 	Interaction of'Pt 'àñd 'Pd. 'DithIO 'Compléxés 'with 'Té±tiarj 'Phbsphines 
Fackler et al. 111-113' recentlyreported that the reaction of 
tertiary phosphines with several [M(S-S) 2]complexes (MPt,Pd; S-S=S2CNEt2 , 
S2C0R 9 S2P(OEt) 2 and S2CR), gave the complexes {M(s_s) 2 (PR 3 )J which were 
formulated as five-co-ordinate compounds on the basis of 'H NMR data. A 
variable-temperature 'H NMR study of the complex [Pt(s2PoEt12)2PPh2Me] 
indicated a fluxional species. The NMR spectrum at room temperature 
showed a sharp triplet for the Me groups of the S2P(OEt) 2 groups which 
collapsed and grew up into two triplets at low temperature. This was 
interpreted in terms of a square-pyramidal/trigonal bipyraniidal 
interconversion. The corresponding S2CNEt2 complex was reported to 
have a temperature-invariant 1H NNR spectrum down to 203 
Stephenson and FaithfullL  studied the reaction of {Pd(S 2PPh2 ) 2]with 
tertiary phosphines and reported the isolation of 1:1 and 2:1 adducts 
which they formulated as five- and six-co-ordinate Pd(II) compounds 
respectively, on the basis of IR and analytical data. Further work by 
Alison and Stephenson 115  , however, showed that the 2:1 adducts were 1:1 
electrolytes and, on the basis of this and a detailed lB spectral study, 
suggested that the [Pd(s2Pm2 ) 2 (PR 3 )] complexes contained both unidentate 
and bidentate S2PPh2 groups, with retention of square planar PdS 3P 
co-ordination. Similarly, the complexes formulated as [Pd(s 2PPh2 ) 2 (PR 3 ) 2] 
were reformulated as [Pd(s2PPh)(PR)js2PPh2 . A crystallographic study 
on {Pd(S2PPh2)2(PPh3)]fl59U6 showed that one of the S 2PPh2 sulphur 
atoms was much further from the Pd than the other three, which further 
supported the unidentate-bidentate formulation. 
This discovery prompted 'a re-investigation of the reaction of 
tertiary phosphines with the Pt and Pd complexes desäribed by Fackler 
fll-ll3 et al. 	• It was shown by variable temperature NMR studies that 
the S2P(OEt) 2 , S2CNR2 (RMe,Et) and S2COEt 1:1 adducts were fluxional 
at room temperature and showed-reversible changes on cooling, although 
the limiting spectrum could not be reached in the case of the S 2COEt 
complex, even at 183 K. Fackler 	reported that the S 2CNEt 2 
complex, 
[Pt 
 (S2Crt2 ) 2 (PPh2Me)] had a temperature-invariant NMR spectrum, 
so that this result was rather surprising.* These findings were 
interpreted118  as an interconversion between two NMR-equivalent forms (1) 
SS 




L 	 S 
(1) 
via a "flip-flop" mechanism; G*  for the process was estimated from 
coalescence temperatures 8 . 
The reaction of 2:1 or excess phosphine with [M(S_S) 2]systems was 
113 also studied by Fackler 	and some interesting results were reported 
(without convincing explanation) when (S-s) was Th2P(OEt2 ) or S2COEt. 
In these cases, the products were [M(PR 3 ) 2s2P(o)(oEt)] and {M(Pn3 ) 2 (s2co)] 
respectively, i.e. there has been attack on the dithio-ligand. In the 
light of the reformulation of the 2:1 adducts as ionic species, Alison 
118 
et al. 	postulated the following mechanism for the reaction of the 
* 
However, J. Andrews (Ph.D. Thesis, Case Western Reserve University, 
1971) has reinvestigated this system and has reported that the 111 NMR 
spectrum of f t(S,CNEt O ) O (pph,)Me)1 is in fact temperature dependent, 
in agreement with the results cited above. 
; 
S2COR complexes with PR3 (and a similar mechanism for the reaction of 
the Th2P(OR) 2 complexes) 
\ S\ PR3 	
R3\ /S\ 
ROC 	M 	COB 	 M 	C-O-R 	S COR 
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The corresponding S2CNR2 2:l adducts [Pt(S2CNR2 )(PR) 2) S2CNR2 
were shown to react with CH 2C12 to give the complexes (Pt(S2CNR2 )(PR3 ) 23Cl 
H 2  0 and an organic product identified as CH2 (S2CNR2 ) 2 ,presumably formed 
by nucleophilic attack of S 2CNR2 on the solvent; the 1'eaction appea3 
to be catalysed by free tertiary phosphine. 
Thus, to sum up these findings, it would appear that reaction of 
tertiary phosphines with Pd and Pt dithio-ligand complexes takes the form 
of stepwise cleavage of metal-sulphur bonds of one dithio-ligand with 
retention of essentially planar co-ordination about the metal. The 1:1 
adducts appear to be undergoing a fast intramolecular rearrannent at 
ambient temperature. This chapter is devoted to the preparation and 
properties of some S2PR2 (RMe,Et) complexes of Pt(Ii) and Pd(II), 
their reaction with tertiary phosphines and arsines and the use of 
physical techniques and in particular 'H NMR to characterise them. 
Also, a complete line shape analysis on the variable temperature 1H NMR 
spectra of these new complexes and on some of the above species is 
described. 
RESULTS AND' DISCUSSION 
The previously mentioned Pt and Pd S 2PR2 complexes 115  (RPh) were 
not amenable to a variable temperature H NMR study, because of the 
complexity of the phenyl group resonances. In order to rectify this 
deficiency and also to investigate the effect on compound reactivity of 
varying the substituent B, the compounds [M(5 2PR2 ) 2] (R=Me,Et; MPt,Pd) 
and their reactions with group VB donors were investigated. 
a)''141-adducts 
Treatment of a 'benzene or chloroform solution of [Pt(S2PMe2 ) 2] 
with a 1:1 molar ratio of tertiary phosphine gave yellow solutions from 
which compounds of formulae [Pt(S2PMe2 )PR3 )] were isolated on 
concentration and addition of pentane or ether. These compounds were 
diamagnetic and non-conducting in CH 2C12 . To obtain good yields of 
the analogous Pd compounds, an excess of phosphine was necessary. 
The preparation of [Pt(S2PMe2 ) 2 (AsPh3 )] also required an excess 
of arsine. With more alkylated phosphines or arsines, L.g. PEt 3 or 
AsEt 3 , yellow solutions were obtained, but only oils could be isolated 
whilst reaction with NH  or pyridine gave some sign of reaction but only 
starting material could be isolated on attempted work-up. {Pd(S 2PMe2 ) 2] 
did not react with arsenic or nitrogen donor ligands. A similar 
observation was made for [Pd(S2PPIi2 ) 2]l'5 . 
The 1H NMR spectrum of all of the 1:1 adducts showed only a 
single doublet for the- S2  P-Me 2  methyl protons (vithJPH = 13.0 Hz), whereas, 
at low temperatures the dub1et broadened and (in some cases) coalesced and 
crew up into two doublets of equal intensity(fig. 2.1). This would suggest 
that, like the 1:1 adducts mentioned previously (see Introduction), these 
compounds are undergoing a fast intramolecular rearrangement at ambient 
temperatures. The process is reversible and is in accordance with facile 
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Fig. 2.1 
Variable temperature 'H NMR spectrum of 
[pt(s2PMe 2 ) 2 (AsPh 3 )J (methyl region). 
S . 
unidentate/bidentate exchange of the two.S 2PMe2 groups. 
In order to obtain kinetic parameters for these rearrangements, a 
line-shape analysis using computer-simulated spectra  was undertaken on 
the spectra of the complexes [Pt(S 2PMe2 ) 2 (Ell 3 )] (ER 3=ASPh 3 ,PPh3 ,PPI2C6F5 ) 
and also {Pt(s2crst2 ) 2 (PPh 3 )] and {Pt(s2P{oEt} 2 ) 2PPh 31 . The kinetic data 
are given in Table 2.2. For [Pt(S 2PMe2 ) 2PR (PR 3 PPh2Me,PMe2Ph) and 
all of the Pd 1:1 adducts, the rate of rearrangement, even at 200 K, was 
too fast to obtain any kinetic information. The latter observation is in 
accordance with the increased lability of Pd compounds towards 
substitution compared to Pt 11 
A comparison of the values of G* with those obtained from 
coalescence temperature measurements (Table 2.3) showed reasonable 
agreement. For all the 1:1-adducts studied, the rate of rearrangement 
is concentration independent, indicating a purely intramolecular process 
and for [Pt  (s2P{oft }2 ) 2 (PPh 3 )]',.activation parameters obtained in CH 2C12 
and CH2C12 JCS2 (1:1 ratio) are very similar, indicat.ng the absence of a 
solvent-assisted bond-rupture mechanism. However, the rate of 
rearrangement of {Pt(S2PMe2 ) 2ER 'does depend on the ligand ER 3 . The 
relative rates are PMe 2PhPMeP 2>>PPh2C6F5#pph3>Asph which clearly 
indicates that cleavage of the Pt-S bond trans to ER  is an important 
factor in the rate-determining step. In addition, although the free 
energies of activation for compounds containing PPh 3 and different 
dithio-ligands are quite similar (54-57 kJ mol), the enthalpies of 
activation for the S2CNEt2 and S2P(OEt) 2 compounds (29 and 33 kJ mol 
respectively) are much lower than that for the S2PMe2 compound (51 kJ 
mol 1 ). This is compensated for by the more unfavourable entropy terms 
Details of the method are given in the experimental ' section; a --
listing of the program is given in Appendix I. 
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* 	b * 	c 
	
AH 298 298 
* 	b 
298 
Pt(S2PMe2 ) 2AsPh3] CH2C12 114 57.8±1 55.3+1 -19+]4 61.1±2 
[Pt(S2PMe2 ) 2PPh3 CH2C12 1098 56.9+1 514.5+1 - ±3 55.7±2 
[Pt(S2PMe2 ) 2PPh2C6F5] CH2C12 1518 146.0±3 35±3 -38+11 514.9±7 
Pt(s2P(oEt) 2 ) 2PPii 33 CH2C12 620 3107±3 29.2+3 -914+10 57.1±3 
CH2C12 /CS  2d 1209 314.0+3 3103+3 -81±30 55•.±2 
Pt(S2CNEt 2 ) 2PPh3 CH2C12 2068 35.1+3 32.6±3 -72±36 54.1+14 
a sec-1 	
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Free-energy of activation 
(Ta/K) obtained from 
sulphur compounds 
Compound 
Pt{S 2P(OEt) 2} 2PPh3 




{Pt(S 2CNEt2)(PMePh 2) 2]S 2CNEt2 
[Pt(S 2CNMe 2) (PMePh2) 21  S2CNMe2 
'.CH2 (S2CNEt 2 ) 2 
CH2 (S2CNMe 2 ) 2 
and coalescence temperature 
111 n.m.r. spectra for various 
±1 K. ° ± 1.0 kJ mo11. C Measured on CH3 triplets. 
d Measured on CH 2 quartets. 0 Cf. EtSCSNEt 2 	G 298  K 
63•8 kJ rnol'. I Cf. MeSCSNMe2 	G 298 K 618 kJ mo1 1 . 
(Reproduced from ref. 118). 
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in the first two. compounds, although the large error limits incurred in 
* 
determining AS by this method mean that such small' differences must be 
treated with caution. It is of interest to note the values obtained by 
Fackler et al 2 from a line shape analysis of the variable-temperature 
NMR spectrum of {Pt(S 2P3OEt 2 ) 2 (PPh2Me)] (E a = 65 kJ mol 1 ; AS 38 JK 1 
mol ) since they are rather different.. The positive S was taken by 
these authors to indicate a dissociative process and these authors 
postulated that loss of a weakly bound solvent molecule from a square 
pyramidal species, which then rearranged to a trigonal bipyramidal 
form, gave rise to this positive value. However the values obtained 
for .AS in this study are self-consistent in that they are 'all 
negative 	
* 
and the calculated values of AG agree with previous estimates 
* 
from coalescence temperatures. The values of LH , considered in terms 
of the ligand field strengths of the dithio-ligands (Th2CNEt2>Th2P(oEt) 2> 
Th2PR2 109), suggest that the low values for the stronger nucleophiles 
indicate a bond-making process is also involved in the rate-determining 





is also favoured by the small, negative entropy values (a dissociative 
mechanism would have a positive AS*) 119  and the tendency for Pt(ii) 
substitution reactions to occur by an associative process 1198. 
The labilising effect of the ER  function on the 'trans Pt-S 
bond seems to be related to. the - donor ability of the ligand in this 
case, but a study of a much wider range of'trans-ligands is necessary 
- 914 - 
before any conclusions could - be reached. Another possible influence 
could be steric. If the ligand ER3 was bulky, this would disfavour 
an associative mechanism. Studies1 6 on the ligand substitution 
reactions of {Pt(PEt 3 ) 2 (mesityl)C1] indicated a dissociative process, 
with bond breaking more important than bond making, was operating, due 
to the bulk of the mesityl group. In the case of[Pt(S 2PMe2 ) 2ER, the 
larger bulk of FRI3 compared to PPh2Me could be a significant factor. 
The comp1exes [Pt 
 (S2PEt2 ) and [Pt  (s2PEt2 ) 2PPh were also 
synthesised. The 'H NMR spectra of both compounds consists of one 
doublet of quartets (CH 2 ) and one doublet of triplets (CH 3 ) (see 
experimental section) which indicates fast unidentate/bidentate exchange 
at room temperature in the latter compound. Cooling the sample produced 
slight broadening but the exchange was obviously still fast even at 
203K. 
b) Complexes. of. Stoicheiometry._[M(S 2PMe2 )(ER 3 )JX 
Like the other [Pt(S-s) 2] complexes studied by Alison and 
Stephenson1l589 [Pt(SPMe)] in methanol gives a 2:1 adduct, 
[Pt (S
2PMe2 )(PR3 ) 2]S2PMe2 on treatment with excess PR  (PR 3 PPh3 , 
PRI2Me); there was some sign of the formation of some 2:1 species 
on reaction with pyridine (conductivity increase) but no product 
could be isolated, even on attempted precipitation with a large anion. 
These complexes. can undergo nucleophilic attack by the dithio anion 
on the Pt-P bond to regenerate the 1:1 adducts, a phenomenon which 
has been noted for other [Pt (s-S)(FR3)3j (s-s)  systems8, 
especially in non-polar solvents. The stability of the ionic S2PMe2 
species depends not only on the solvent but also on the PR  group. 
Thus, for PR3 PPh3 , recrystallisation, even from a polar solvent such 
as acetone, gave only the 1:1 adduct, whereas the corresponding 
complex with PR3 PPh2Me may be recrystallised unchanged from chloroform 
- 95 - 
or even benzene. This is a reflection of the lower nucleophilicity 
of S2PMe2 compared to Th2CNR2 .(cf. ref .118); the corresponding S2CNR2 
complexes rearrange to the 1:1 adducts very readily in non polar solvents 
and the S2COEt anion is sufficiently nucleophilic to attack the bound 
S2COEt group 
113,118.. The 111 NNR spectrum of [Pt(S2PMe2 )(Pii3 ) 2)s2PMe2 
in CH2C12 showed two doublets at 7.99 and 8.09T. The former is due to 
the ionic compound, (with fast bidentate/ionic exähange of the S 2PMe2 
groups) and the latter to [Pt(S2PMe2 ) 2 (PPh3 )) formed by attack of the 
S2PMe2 ion on the Pt-P bond. On cooling, the doublets collapsed and 
two new doublets of equal intensity grew up at 7.93 and 8.14T (fig. 2.2). 
These were assigned to the bidentate and ionicS 2PMe2 protons respectively 
of pure[Pt(S2PMe2 )(PPh 3 ) 2 S2PMe2 on the basis of the similarity of the 
positions to those in [Pt(S2PMe2 )(PPh3 ) 2]PF6 (videinfra) and NaS2PMe2 
( °2Tin D20). A similar stabilisation of the ionic 2:1 form at low 
temperatures has been observed in the case of [ft(S2CNR2)(PMePh2)2JS2CNR2 
118, 
and the equilibrium constant for the 1:1+PR3 :. 2:1 reaction measured. 
Reaction of [Pd(S2PMe2 ) with excess PR  in methanol produced an 
increase in conductivity but only 1:1 adducts could be isolated. In 
contrast,pure ionic 2:1 adducts of [Pd (s2PPh2 ) were isolated 5 (except 
with PR3 PPh 3 ,PPh2Et) which probably reflects the stronger nucleophilicity 
of S2PMe2 compared to S2PPh2 ( a property perhaps attributable to the 
inductive effect of the Me groups). Reaction of Pd(S 2PMe2 ) 2] with a 
large excess of PTh 3 in methanol led to precipitation of a pale yellow 
solid which was identified as [Pd( PPhA 120 (cf. the preparation of 
from RhCl3.nH2O)2l.  This reduction reaction was not 
observed when excess PPh 2Me was reacted with [Pd(S2PMe2 )2] or with 
[Pt(S2PMe2)2] and 	tertiary phosphine. 
However, if the reaction of[M(S2PMe2 ) 2]and excess phosphine in 
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Fig. 2.2 
Variable temperature 1 H NMR spectrum of Pt(S2PMe2 )(PPh 3 ) 2 + S2PMe2 
(methyl region) 
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NaBPh 1 or NHPF6 , precipitation of the ionic compounds M(S2PMe2 )(PR3 ) 2Jf 
(XBPh,PF6 ) occurs. A similar reaction between [Pd(s2PPh2 ) 2] and PPh3 
gave d(S2PPh2 )(PPh3 ) 2JX; this particular cation was not isolated in 
114 115 the previous studies on this system 
The reaction of [Pt(S2PMe2 ) 2J with excess P(OR) 3 (RMe,Et) in 
methanol, and addition of NaBPh 1 led to complete displacement of the 
S2PMe2 groups to form {Pt(P1oR)3)] 2+  BPh 
2 
 These compounds have 
been prepared by Robinson etal. from "labile olefin, triphenyiphosphine 
or trialkyl phosphite' derivatives of the appropriate transition-metal 
halides" and were mentioned in a recent communication 121 
The 'H NMR spectra of the compounds [M(S2PMe2 )(PR3 ) 2]X showed 
an upfield shiftof 0.2-0.4T of the S 2PMe2 and PR  proton resonances 
when X=BPh, compared to the compounds where X=PF 6 (Table 2.I). 
This is probably due to additional shielding of these methyl protons 
by the ring currents of the phenyl rings in the BPh ) ions which would 
obviously be absent in the PF6 salts. Similar shifts have been 
observed in the series of compounds [ft(s 2cNR2 )(PR3 ) 2]x (XBPh,PF6 ) 8 . 
The BPh ion in [Pt(S2PMe2 )(PR3 ) 2J BPh can be replaced with 
other anions f(YCl,Br,f) by reaction with Ph 1 AsY in chloroform. 
The very insoluble Ph 14AsBPh precipitates out and [Pt(S2PMe2 )(PR3 ) 2]Y 
can be isolated from the filtrate. These compounds show no tendency to 
rearrange to neutral 1:1 adducts. Attempts to prepare compounds of the 
type [Pt(s2PMe2)(PR3)2r  (S-s) 	(S-s) = Th2COEt, S2PR2 , etc. using 
PhAs(S-S) were not successful and only mixtures of 2:1 and 1:1 compounds 
were obtained. This is perhaps not surprising in view of the fast 
bidentate/ionic exchange which has been noted in compounds of the type 
[Pt(S-s)(PR3 )J(s-s) 	(S-S)s2cNR2 
118 	
S2PF2 125 	The reaction 
of [Pt(s2coEt)(PFh 3 ) 2]BPh was also investigated in an attempt to 
-98- 
• Table 
.:n;m.r._gatafôr various ü1phü thOUdSa 
b. 
T Value 
ConipOund 	 • Solvent • CH 3 (dithioligarid 	CH(PR' 	Others 
[Pt(S2PMe 2 ) 2] CH2C12 7.99 - 
{Pt(S2PMe2 ) 2PPh 3] CH2 C12 8.b9(4)' - 
7.98(2); 	819(2)g 
Pt(S2PMe 2 ) 2 (PPh2C6F5 )) CDC1 3 7.91(6) - 
779(3) 	8•03(3)g 
[Pt(S2PMe2 ) 2 (AsPh3 )] CH2 C12 8.O8(4) - 
7.99(2); 	819(2)g 
[Pt(S2PMe2 ) 2 (PMePh 2 CH2C12 7.98' []i 763h 
[Pt(S2PMe2 ) 2 (PMe2Ph)] CDC13 7.95h118]i 8•0 h 
[Pd(SPMe 2 ) 2 (PPh 3 )] CH2C12 8.06(1) - 
[Pd(S2PMe 2 ) 2 (PMePh2 )] CDC1 3 7.94' 	[3]' 
767h 
[Pd(S2PMe 2 ) 2 (PMe2Ph CDC13 792h 	8] 806h 
(Pt (S
2PMe2 )(Pph 3 ) 2]S2PMe 2 CH2C1 2 7.99' 	2 1
; 8•09k - 
7.93(1); 8,11(1)9 
[Pt(S2PMe 2 )(PPh 3 ) 2]PF6 CHCl 7.95(1) 
Pt(S2PMe 2 )(PPh 3 ) 2]BPh CDC1 3 8.11(3) 
Pt(S2PMe 2 )(PMePh 2 ) 2]PF CDC13 7•99h 	[3]' 8l1.,1 
Pt(S2PMe2 )(PMePh 2 )BPhj CDC1 3 8.10h 	LI' 8.26 h.1 
[Pt(S2PMe2 )(AsPh 3 ) 2jPF6 CDC1 3 7.89(1) - 
[Pt(S2PMe2 )(AsPh 3 ) 2]BPh14 
 
CD • 	 - 	 8.43(3) - 
[Pd(S2PMe2 )(PPh 3 ) PF6 	CDC1 3 	 7.91(1) 	- 
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°Table'2.4:(c6ntd.), 
b. t Value 
Cud 	 SOlvent 	CH(dithiOIid)C0CH(PRt)d n Others  
[Pd(s2PMe2 )(PPh3 ) 2 Bh 	CDC13 	 8.41(3) 	- 	Ph 27- 
3.3(25) 
[Pd(S2PMe2 )C1PPh 3} 	 CDC13 	 8.00(2) 	- 	Ph 2.6(5) 
PhAs{Pt(S2C0Et) 3 J CDC13 	8.72 6 m 8.55 3 	- 	Ph 2.1-. 
2.3(20) 
Cr12 5.61(2 
Ph 4 	(CD 3 ) 2co 	8.60 3m 
	 Ph 2.2(20) 
Cl!2 5.L(2 
a 	at 301 K unless otherwise stated. 
b 	4-0.01. 
C 	All doublets with 3PH 13.0 Hz. 
d 	Triplet of doublets (platinum), JPtH  38.0 Hz, JPH  11.3 Hz; Doublet 
(palladium) JPH  11.0 Hz. 
e 	Phenyl resonance; complex multiplet. 
Numbers in parentheses indicate normalised integrated intensities. 
g 	Measured at 223 K. 
h 	Resonances too close to integrate separately. 
1 	Two resonances of total intensity. [ 	) 
From [Pt(S2PNe2 )(PPh3 ) 21 S2PMe2 with rapid bidentate/ionic exchange. 
k 	From [ft(S2PMe2 ) 2Pii 3 J with rapid unidentate/bidentate exchange. 
1 	Since HPP'H' type spectrum coupling constant is 'pH 	PH = 9.5 Hz. 
m 	
2-CH 
 3  Ca. 7.0 Hz.i CH - 
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establish, on a semi-quantitative basis, the' "nucleophilicity" of the 
various, anions. It was hoped that if the äonductivity of (say) 10 M 
[Pt(s2coEt)(PPh3 )j BPh in aetone (containing a little excess PPh 3 ) 
was monitored and then an equal valume of 10 M PhAs(S-S) added, the 
rate of decrease of conductivity would be a good indication of the rate 
of attack of the anion on the 0-ft bond of the bound 'S 2COft. (The 
possibility of attack on Pt-P bonds could not be completely discounted, 
but since the sole Pt-containing product from the reaction of Pt(S2COEt) 2 
with excess PR  is [Pt(PR 3 ) 2S2CO] then it was expected that this reaction 
pathway would be of minor importance). However, the assumption had to be 
made that the Ph 1 AsBPh was sufficiently insoluble to make a negligible 
contribution to the conductivity of the solution. Unfortunately, this 
turned out not to be the case; Ph 
cm 	
4AsBph1, insoluble as it is,has a Am 
of 96 ohm mol 	2  (acetone) for a 10 M solution and hence the 
expected change in conductivity is masked by a high background reading. 
However, the method of replacing BPh with Y using Ph bJY may find 
application elsewhere e.g. reaction of anionic ligands with complexes 
that only exist when they are stabilised by a large anion such as BPh 	
. 
The corresponding {Pd(s 2PR2 )(PPh 3 ) 2J BPh 1 (RMe,ph) behaved in a 
completely different manner. Dissolution in halogenated solvents such 
as CH2C1 2 or CHC1 3  (containing ethanol stabiliser) led to a rapid decrease 
in the conductivity of the solutions and a colour change from lemon- to 
orange-yellow. Concentration and addition of pentane gave the neutral 
compounds {Pd(S2PR2 )(PPh3 )(ca)]. The corresponding bromo-compounds were 
also obtained using CH 2Br2  or CHBr 3 containing Ca. 2% ethanol. In the 
absence of ethanol, the BPh salt was recovered unchanged, whereas 
addition of a few drops of ethanolic KOH solution enhanced the rate of 
* 
A review is available on the subject. See F. Basolo; ' 'COordin. 
Chem. Rev., 3, 213(1968). 
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formation of the neutral compound. This suggests that the function of 
the ethanol in this and similar rearrangement reactions118  is to provide 
traces of base in order to facilitate formation of halide ion from the 
solvent. Rearrangement of the BPh 14 compound also occurs in acetone 
solution containing added halide ion. The IR spectrum of [Pd(S2PMe2 ) (PR 3 )(Cl)] 
shoved a band at 281 cm', absent in the bromo-compound, which was assigned to 
v(PdC1). Maxfield128 has recently reported the preparation of the related 
Ni(II) complexes [Ni(S2Ct2 )(PR3 )X] (XC1,Br) from NiX2 , NaS2CNEt2 and the 
appropriate phosphine. 
The presence of BPh ion appeared to be necessary for these 
rearrangements to occur. If [Pd(S 2PR2 )(PPh3 ) 2]PF6 was dissolved in 
halogenated solvents or in acetone with excess halide present, the ionic 
species was recovered unchanged. Only the PPh 3 compounds seem to undergo 
this reaction, since there was no apparent change when [Pd(S 2PMe2 )(PPh2 Me) 2] 
BPh was dissolved in chloroform. 
None of the ionic Pt phosphine compounds undergo the rearrangement, 
irrespective of the nature of the counter-anion, even after refluxing in 
CHC13 IEtOH for three days or standing for four weeks. The complex 
[Pt(S2PMe2 )(AsPh 3 ) 2}BPh did, however show a decrease in conductivity 
when dissolved in halogenated solvents, but only ill-defined brown solids 
could be isolated. This difference in behaviour between the Pt and Pd 
compounds can be explained in terms of the greater lability of Pd(II) 
11 	 115,118 compounds and the previously established 	lower stability of 
these ionic Pd(II) complexes. It has also been shown that the 2:1 AsPh 3 
complex of platinum is only stabilised by the presence of a large anion' 15 . 
The role of the BPh] ion and the reason why only it promotes the 
rearrangement is not clear. Removal of solvent from the residual solution 
gave a slightly pink oil whose mass spectrum showed peaks up to nile > 400 
(BPh, M319). The cracking pattern was very complex and the nature of 
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this substance remains unclear. Addition of hydroquinone to the CHC1 3 
did not seem to inhibit the reaction, which would rule out a radical 
process. Precedents do exist in the literature regarding formation of 
ir-bonded BPh ) compounds by displacement of tertiary phosphines or 
phosphites122 and for the. formation of metal-phenyl a-bonds via fission 
of a boron-carbon bond' 23 . Therefore it is not unreasonable to postulate 
that one or both Of these processes is operating here, giving a labile 
ir- or a- phenyl intermediate such as (A) or (B) 
BPh3 
PdZ NPR 
Ph3P' N / 
(A) 
, S . 
N







followed by replacement of the phenyl group with halide ion. There is 
not yet sufficient evidence to distinguish between these and other 
possibilities. 
c) Infrared Studies 
Stephenson and Alison 115 have established an empirical correlation 
between the mode of co-ordination of a S 2PPh2 group and the position of 
certain IR bands. They found that bidentate co-ordination was characterised 
by bands at 603, 570 cm 1 9 unidentate by bands at 615, 54O cm' and ionic at 
650, 560 cm'. Similarly, for S2PMe2 compounds, ,a careful examination of 
the region 650-550 cm' also revealed that certain bands appear diagnostic 
of the different types of co-ordination (Table 2.5). Although there is 
probably extensive coupling between vibrations in these complexes, it 
seems likely that these bands contain an appreciable contribution from 
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Table 2.5 
Characteristic bands (650-550 cm ) for determining the 
mode of co-ordination of the dimethylphosphinodithioate 
group to .Palladiuin(II) and .Platinum(II) ions 
Compound 
[Pt(s2PMe2 ) 2 ] 
rp+
t (S2PMe2)2Pph 
[Pt(S2PMe 2 ) 2AsPh 3] 
[Pd( S2PMe2 ) 2PMePh2] 
[Pd(S2PMe2 ) 2PMe2 i) 
[Pd(S2PMe 2 ) 2] 
[Pt(S2PMe6 )(PPh 3 ) 2] S2PMe2 
[Pt(S2PMe2 )(PMePII 2 ) 2JS2PMe2 
[Pt(S2PMe 2 )(PPh 3 ) 2) BPh 
{Pt(S2PMe2)(PPh3)2] PF6b 
[Pd( S2PMe 2 ) (PMePh2)2]PF  6b 
d(S2PMe 2 )(PPh 3 )) BPh 
[pt(S 2  PMe 2 )(PPh 3 Q Cl 
[Pd(S2PMe 2 )Cl(PPh 3 )) 
Unidentate 	Bidéntate 	Ionic 
- 572s 	- 
598s 576w 	- 
600s 572w 	- 
600s 580w 	- 
599s 582w 	- 
— 575s 	- 
- 573w 	610s 
- 572w 	610s 
- 575w 	- 
- 572w(sh) 	- 
— 579w 	- 






Ionic region masked by BPh 14 vibrations at 605s, 612m, 625w. 
b PF6 vibrations at 612w, 560vs. 
- l0' - 
PS stretching frequencies. There appears to be only' one characteristic 
band in this region and a comparison of the' direction of shift of this 
band on change in co-ordination mode with those noted earlier for S 2PPh2 
compounds 115 suggests that this is the' higher energy band. A band at 
505 cm-1 in [Pt(S2PMe2 ) 2] can be assigned as the lower ener,r band 
(corresponding to the 570 cm 'band in S2PPh2 complexes), but, in all 
the adducts studied', any changes in the position of this band were masked 
by strong ligand absorptions. Similar correlations have been found in 
124  
S2PMe2 complexes of Rh and RU 
d) 	Complexes. of the. type. Ph1 4AsM(S-S) 3 
Fackler et al. 1 have reported
'  the preparation of a Ni(II) 
complex Me3PhN[Ni(S2C0Et) 3] which was assigned an octahedral configuration 
on the basis of electronic spectral studies. Muetterties etai. 125 
described the reaction of [Pd(s2PF2 ) 2] with (n-C3H7 ) ) NS2PF2 which gave 
a product formulated as (n-C 3H7 )N[Pd(S2PF2 ) 3]. The 19 F NMR spectrum 
at 209 K showed 2 doublets of relative intensities 1:2 with P-F coupling 
constants consistent with iidentate and unidentate co-ordination 





Pd 	 PF 2 
PF 
with four-co-ordinate Pd(II). With these species in mind, it seemed 
likely that other anionic Pt or Pd tris(dithio-ligand) species could 
be made. 
- 105 - 
Reaätion of [Pt(S2COEt ) with Ph1 AsS2C0Et in CH2C12 ' followed by 
the' addition :of 'ethei' gave a yellow crystalline solid whiáh analysed 
closely for Ph j As{Pt(S2C0ft) 3 . The äompound can also be prepared 
by reacting fPt(S2coEt) 2] with excess KS2COEt in acetone and adding 
methanolic PhAsCl.HCl. Although the most likely structure in 
solution is similar to that suggested for [Pd(s2PF2)3] 125  there 
was a possibility that the complex might be five-'or six-co-ordinate 
in the solid state and a crystallographic study was started. (details 
are given in Appendix II). The H NMR spectrum of Ph j4As[Pt(S2C0Et) 3] 
showed, at 301 K, two broadened triplets at 8.72 and 8.55T due to the 
methyl protons. The methylene proton resonances were more äomplex' but 
looked like two overlapping broadenéd.quartets. On cooling, the 
resonances sharpened up considerably and at 273 K consisted', for the 
methyl protons, of two sharp triplets of relative intensity 2:1. On 
warming to 323 K, there 'was further broadening of the methyl resonances, 
but extra, sharp resonanes grew up which did not disappear on cooling, 
which suggested decomposition. This is consistent with a structure 
containing two unidentate and one bidentate S2COEt groups whiàh are 
undergoing unidentate/bidentate exchange at a fairly slow rate but 
owing to the ready decomposition before the coalescence temperature 
is reached, it does not seem likely that useful kinetic data will be 
19 extracted. Muetterties 125 also reported variable-temperature F NMR 
studies on {Pd(S2PF3 ) 3) which showed a broad doublet at ambient 
temperature (averaged spectrum) and two doublets at low temperature 
(q.v.) of relative intensity 1:2. 
If a solution of P1114As[ft(S2COEt) 	was left for 21 hours in 
CH2C12 or C11C1 3 , large crystals of a yellow-orange complex with extra 
lB bands at 1630 (m), 1600 (s), 1576 (m) cm -1 slowly formed. These 
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values are close to the v(CO) reported for {Pt(S 2C0)(PMe2Ph) 2] (1695, 
1686(m), 1615 ())113116 and analytical data confirmed that thi 
compound was PhAs[Pt(S 2C0)(S2C0Et)}. A possible reaction sequence 
for this rearrangement is 
S\ 	 - 
OEt 
ftoc()< 







Ph As j4 	
PhAsJPt(S2C0Et)3J 
(II) 
ftoc( NS. Pt7\co Co:t -- -) 
+ Phj As 
Ph + [ ftOC 






relatively insoluble  
- with initial nucleophilic attack on a Pt-S bond to give (I) which is 
precipitated by the large cation as (II). Dissolution in non-polar or 
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poorly' solvating solvents results in,dissociàtion to give[Pt(s 2coEt) 2] 
which can then' undergo attack' by the' liberated' S2COEt ion followed' by 
precipitation by the large äationto give (III) which is rather 
insoluble, thus making the' equilibrium dissociation irreversible. 
Recrystallisation of (II) from MeOH (c=32.6), Me0HEt 20 or acetone 
(c=20.7) gives back pure (II), but attempted' recrystallisation from 
CH2C12 (c9.1) or CHC1 3 (c.8)' 	resulted' in some rearrangement. 














0= C\Pt COEt 
+ EtS2COEt 
but the solvent dependence of the rearrangement tends to rule out this 
possibility. 
* Short times must be used in the case of crystallisation from 
MeOHIEt2O or acetone; (III) begins to precipitate after ca. 24 hours. 
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Solid (ii) decomposed' slowly on standing in air as evidenced by 1H NMR 
changes and the loss of the ability to diffract X_rays: (Appendix II) 
(c.f. Ri.N[Ni(S2COEt)3] which decOxnposes'to a tacky' black resin on 
113 	 2- standing ). However', no bands attributable to S 2  COgroups appeared 
in the lB spectrum of an aged solid sample and the mode of decomposition 
remains obscure. 
The' reaction of [Pd(s2coEt) 2] with excess KS2COEt is slightly 
different. Reaction in MeOH followed by filtration into a concentrated 
MeOH solution of Ph 14AsC1.HC1 resulted in a small - yield - of a buff powder 
with an lB spectrum almost identical to that of PhAs[Pt(S 2COEt) 3], 
which suggested that it was Ph1 . As[Pd(S2COEt). However, reaction of 
[Pd(S2COEt) 2] in'acetóne with excess KS2COEt, followed by filtration 
into methanolic PhAsCl.HCl resulted, on trituration, in a bright orange-
yellow precipitate with an lB spectrum almost identical to that of 
Ph1 As[Pt(S2CO)(S2COEt)] and a careful analysis showed' it to be the 
analogous complex Ph ] AsPd(S2CO)(S2C0Et)]. The fact that this was the 
only product obtained in good yield suggests that the tris-xanthate 
complex rearranges 'very easily to the dithiocarbonate in this case. 
Attempts to prepare the analogous AsPhj [Pt(S2CNR2 ) 3] and 
AsPh[Pt(S2PMe2 ) 3) were unsuccessful, probably due to the low 
solubility of the neutral 'bis-dithio-complexes. 
Reaction of [M(S 2PMe2 )] 2 (MPt,Pd) with various tertiary phosphines 
and arsines has been shown to follow the same trend as has been found in 
other related Pt and Pd dithio-ligand systems, with stepwise M-S bond 
cleavage and a fast unidentate/bidentate exchange process occurring at 
ambient temperature. Variable temperature'NMR studies, coupled with 
computer-aided line-shape analysis has enabled accurate details to be 
obtained regarding the exchange process in these and other related 
[Pt(s-S) 2ErJ systems. 
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Experimental 
Microanalyses were by the' -National Physical Laboratory, Teddington, 
A. Bernhardt, West Germany and the University of Edinburgh Chemistry 
Department. Molecular weights were measured in dry acetone at 3T° on a 
Perkin Elmer Hitachi osmometér calibrated with benzil. Analytical data 
for all the new compounds are given in Table 2.6. Infrared spectra were 
recorded in the region 14000-200 cm' on a Perkin-Elmer 225 Grating 
Spectrometer using nujol mulls on caesium iodide plates. 1H NMR spectra 
were obtained on a Varian Associates HA-100 spectrometer equipped with a 
variable-temperature probe. Mass spectra were obtained on an AEI MS9 
mass spectrometer and conductivity measurements on a model 310 Portland 
electronics conductivity bridge. Melting points were determined with a 
it 
Kofler hot-stage microscope and are uncorrected. 
Mterials:- Potassium tetrachloroplatinate (ii) and palladium (II) 
chloride (Johnson Matthey); triphenyiphosphine, dimethylphenylphosphine 
(BDH); tripheriylarsine (Ralph Emanuel). Triphenylphosphine and 
triphenylarsine were recrystallised from ethanol before use. 
Diphenylmethylphosphine was made by the Grignard method from chlorodiphenyl-
phosphine. The sodium dimethyl- and diethyl-phosphinodithioates were made 
105 by standard literature methods . Triethylarsine and diphenylpentafluoro- 
phenyl phosphine were kindly supplied by Dr. D.I. Nichols. Operations 
involving free tertiary phosphines (other than PPh 3 ) were carried out 
under nitrogen. 
'H NMR Variable Temperature Studies 
The variable temperature unit on the HA 100 was used with methanol 
as a calibrant. Spectra were run at 5 K intervals in the range 313 K to 
200 K. Spectra were simulated using a computer program based on that of 
126 
Nakagawa. The exchange process was considered for the purpose of 
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computation as consisting of n two site exchanges where n isthemultiplicity 
of the resonance being monitored. The single line simulated spectra were 
then superimposed with suitable weighting for intensities and the results 
plotted out on the line printer, egg. a doublet is considered as two 
two-site exchanges of intensity ratio 1:1. 
The experimental spectra were fitted to the computed spectra by 
finding the best fit between the ratio of maximum to minimum heights in 
the multiplet and the lifetimes so obtained were used to construct 
Arrhenius plots in which straight lines were fitted by the least-squares 
method. Broadening of the lines due to effects other than exchange (e.g. 
increased viscosity and lower solubility at lower temperatures) had to be 
taken into account otherwise values of the lifetimes particularly at lower 
temperatures were artificially enhanced. This was accomplished by 
measuring the natural line width at both the high and low temperature 
limits and then using these different values in the regions near these 
limits. A similar technique has been used elsewhere 127.  Final activation 
parameters, obtained by the usual methods, are shown in Table 2.2 along with 
assessed error limits. 
Bis(dimethy1phoshirxodithi66,to)p1atinum(II) 	Potassium tetrachloroplatinate 
(II) (5.00 g, 12.0 m mol) in a minimum volume of hot water was shaken with an 
excess of sodium dimethylphosphinodithio ate dihydrate (.14.4O g, 24.0 m mol) for 
several minutes. The immediate yellow-orange precipitate was filtered off, 
washed with water, methanol and diethyl ether and recrystallised from 
chloroform (Yield 4.25 g, 80%) Found C 10.7, H 2.6. Caic. forCH12S1 P2Pt. 
C. 10.8; H, 2.7% . The same compound was prepared independently by Cavell 
etal. 107 and the electronic, IR and mass spectra are thoroughly discussed 
in their paper. 
Bis( 	 :- [Pt(S2PMe2 ) 2] 
was suspended in benzene or chloroform and treated with a 1:1 mole ratio of 
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triphenylphosphine. On warming gently, a'-yellow  solution was formed which 
was filtered, concentrated and the product precipitated by addition of 
pentane. The yeflowä Om1ex was recrystallised: from chlöroform/pentane. 
In similar manner, 	 dihejiethlphosphiné)-  
' plat inum(II), 'big (dimethylhosphinodihi9ato)(phenyldimethylphosine )-
platinum(II), and bis ( dimethylphosphinodithioato) (dipheny1pentaf1uorophenyl- 
• phbhurié)1atinuiñ(II) 	were prepared. 
• 	 A suspension 
Of [Pt(s2PMe2 ) 2J in benzene or chloroform was treated With an excess of 
triphenylarsine. On concentration and addition of pentane, the complex 
was precipitated as a yellow powder, which was filtered off, washed with 
ether and air-dried. 
The products with triethylarsine and triethylphosphine were too 
soluble to isolate and with pyridine and ammonia only starting material 
was isolated on removal of the solvent. 
Bis(diethy]phohipbdthitO)platinum(II) .  was prepared as for [Pt  (S2PMe2)2] 
using K2PtC1 1 and NaS2PEt 22H20 Found, C 19.1; H 14•1•  Caic. for C 8H20S1 
C 19.3; H 14.0% 'H NMR 8.00T, (CH 22  doublet of quartets, J CH CH 
23 
7.0 Hz;P-CH , 9.0 Hz); 8.614r, (CH doublet of triplets, 3PCH , 21.0 Hz). 
2 	 3 
IR. (650-500 cm 1 ) 580 w(sh) , 570s, 500m. 
ii) was prepared 
as for (Pt (S2PMe 2 ) 2PPh 3]'H NMR (301 K) 2.60t (phenyl multiplet); 8.06r 
(CH 2 1  P-CH2 11.0 Hz); 8.82t.  (CH 3,1 CH2-CH3' 7.0 Hz, J -c3' 
 21.0 Hz). On 
cooling, some broadening of the -CH 2 and -CH3 resonances at 203 K occurs 
indicating still rapid unidentate/bidentate exchange at this temperature. 
'Th(650-55Ocm) 590s, 572 w(sh). 
MethOd (A):- Palladium (II) 
acetate72 was dissolved in benzene/acetone and refluxed for two hours with a 
slight excess of sodium dimethyl phosphinodithioate dihydrate in methanol. 
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On cooling, the dark red-brown crystalline odèr was filtered and washed 
with water, methanol and diethyl ether. Found, C 13.9, H 3•1 Cale. for 
CH12S1 P2Pd C, 13.5 H 3.4% 
MethOd B:- Palladium(II) chloride was suspended in acetone and refluxed 
for 3 hours with an excess of NaS2PMe22H20. The resulting orange-red 
solution was filtered hot and, on cooling, deposited the orange-red 
crystalline product purified as before. 
Although the products formed by these methods are different in 
colour they have the same IR and mass spectra and behave in the same way 
with tertiary phosphines. Spectral parameters are reported elsewhere 107 . 
Bit 	 II): - A 
suspension of [Pd(S 2PMe2 ) 2] in benzene was treated with ahe±céss of 
triphenyl phosphine(ca. 1:2 mole ratio). On warming gently, a dark 
red solution was obtained which, on addition of pentane, precipitated 
the orange-yellow p±odüct recrystallised from chloroforr. A similar 
method was used to make (Pd(S2PMe2 ) 2PMePh2) and (Pd(S2PMe2 ) 2PMe2Ph]. 
II)dIméthyl- 
phoshinodithioate:- A suspension of [Pt(S 2PMe2 ) 2]in a smrll amount of 
methanol was treated with triphenyiphosphine (1:I mole ratio). The 
mixture was boiled for two minutes, filtered and then excess diethyl 
ether added. The resulting yellow-buff precipitate was filtered, washed 
with ether and dried invacuo (4o°C). 
(Dimethylphoshinodithioato)bis (diphenylrnethyiphOsphufle )platinurn( ii) 
diinethylhOsphInbdithiOate was prepared in similar manner. The ionic 
triphenylphosphine complex readily reverted to (Pt  (S2PMe2 ) 2PPh 3] on 
attempted recrystallisation; in contrast, the ionic dipheriylniethylphosphine 
complex was unchanged, even on recrystallisation from such non-polar solvents 
as benzene or chloroform. 
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Attempts to prepare .pure samples of the corresponding palladium 
compounds proved unsuccesful ; only a mixture of '1:1 and 1:2 .adducts 
were formed' which rapidly reverted, to the pure 1:1 compounds even in 
acetone. 
(Dimethyl,phosphinodithioato)bis (triphenyiphosphine)platinmn( II)tetraphenyl- 
A suspension of Pt(S2PMe2 ) 2] in methanol was gently warmed' with 
excess triphenylphosphine (ca. 1:3 mole ratio), then filtered and a 
concentrated methanolic solution of sodium tetraphenyIborate added, giving 
an immediate pale-yellow precipitate. Recrystallisatin from acetone gave 
the crystalline product. The same method was used to prepare all the 
compounds of formula [M(S2PMe2 )(PR3 ) 2]X (x=BPh, PF6 ; M=Pt,Pd) listed 
in Table 2.6, and also 	 )2]Bph4.  and [Pd(s2PPh2 )(PPh 3 ) 2] BPh14 . 
However, for MPd, PR3=PPh3 , reaction in very concentrated methanolic 
solution using a large excess of triphenylphosphine gave instead a yellow 
crystalline precipitate of 'Tétra (tiphenyiphose)pauadIum(0) M.P. 
103-105°C (lit, value 100-1050C) 
127  Found C 71.7; H 5.1. Calc. for 
C72H60PPd C 75.1; H 5.2% .' 
'(Dimethy]phoshinodithioato)bis (tihe]pho hine)piatinurn( II)chlOride :-
[Pt(S2PMe2 )(PPh 3 ) 2]BPh j. (O.2O g) was dissolved in chloroform (10 ml) and 
treated with Ph1 AsCl.HC1 (0.07 g) (1:1 mole ratio) in chloroform (5 ml). 
The mixture was stirred for 10 minutes, the precipitate of PhAsBPh].L 
filtered off, the solution concentrated and diethyl ether/pentane added 
to precipitate the complex as a white powder, recrystallised from 
chloroform/pentane. 
ft(S2PMe2 )(PPh 3 ) 2 Y (YBr, I) were made in similar manner. 
: - 
[Pd(S2PMe2 )(PPh 3 ) 2]BPhj was dissolved in chloroform (containing ethanol 
stabiliser), warmed briefly and then left (ca. 5-10 minutes) until the 
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conductivity of the solution was very low (ca. 0.6 p mho). Precipitation 
with pentane then gave the Orange-yellow prOduct, recrystallised from 
benzenè/pentane. The same compound was obtained much more slowly from 
dichioromethane solution, 
Bromb( 	 to)tiphehkiphsphinepalIa ìü I) was 
prepared in analogous fashion using CHBr 3 or CH2Br2 plus ethanol (ca. 2%) 
as solvent, the reaction taking ca. 30 minutes for completion. 
[Pd(s2PPh2 )clPPh3] was similarly prepared from [Pd(s 2PPh2 )(PPh3 ) 2]BPh14 
and chloroform. 	 - 
Tetraphenylarsönium ti(OéthyldithIoábOnatb)platinaté(II) [Pt(S 2COEt) 2
]129 
(ca. 0.2 g) dissolved in 10 ml acetone, was treated with 0.5 g KS2COEt (ca. 
5 mol excess) and heated until most of the reactants had dissolved. The 
solution was then filtered hot into a 20 ml methanol solution of Ph 14AsCl.HC1 
(0.25 g) and large yellow crystals of 	 (which were analytically 
pure) grew as the solution cooled. Cooling in ice with trituration 
produced a further crop. The Oduct. was filtered off, washed with water, 
methanol, benzene and ether and dried by suction. 
TOtraphenylarsonium tris(O-etlyldith.iocarbonato)palladate(II) was prepared 
in a like manner, using methanol instead of acetone. The yield was always 
low. 
Tetraphéñyiársonithn dithiOboatb(O -ethy1dithiOas±bonat)piatinate(II) 
Tetraphenylarsonium tris-(O-ethyldithiocarbonato)platinate(II) was dissolved 
in a minimum volume of chloroform or dichloromethane The orange-yellow 
crystals of the product which grew over 24 hours were filtered off, washed 
with ether and dried by suction. Further product could be precipitated 
from the filtrate by addition of pentane. 
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Tetra,phenylarsonium dithiocarbonato( O-ethyldithlocarbonatq)pallad.ate (II) 
was prepared from [Pd(s2coEt) 129  KS2COEt' and Ph14AsC1.HC1 using the' sane 
method as used for Ph 14As[Pt(S2COEt) 	. Théprodüct precipitated' as 
analytically pure Orange-yellow crystals which were washed and dried 
as before. 	 ' 
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'Table '2.6 
'Aiti1 De.ta'for SOme P1á.tirjm(ii) 'd 'Pi'd''(II) 'DIthib Cbponds 
Found (%) 	 Required (%) 
Compound 	 p(°C) 	 C 	H 	''Others 	C 	H 	Others 
[Pt(S2PMe2 ) 2PPh 3 211-2114 37.0 3.7 - 37.14 3.8 
[Pt(S2PMe2 ) 2PMePh2) 914 31.5 3.9 - 31.6 39 
[Pt(S2PMe 2 ) 2PMe2Ph] 190 24.3 3.9 590b 214.8 14.0 
[Pt 2PMe2 ) 2 h2C6F53 156-157 32.9 2.7 7140 '33.1 2.8 
Pt(S2PMe2 ) 2AsPh 33 11414-1147 314.9 3.6 529b 35.2 3.6 
Pd(S2PMe2 ) 2PPh 175(decornp) 142.8 14•14 507b 142.9 14.14 
[Pd(S2PMe2 ) 2pMePh2] 	" 135 	' 37.0 14.2 - 36.3 14.5 
[Pd(S2PMe2 ) 2PMe2Ph] 196 29.14 14.6 29.2 14.7 
[Pt(s2PEt 2 ) 2PPh 175-177 140.9 14.7 761b 140.9 14.6 
[Pt(S2PMe2)(PPh3)S2pMe2d 156-158 148.1 14.2 - 149.6 'I"-. 	14.3 
t(S2PMe2 )(pMeph2 ) 2]S2pMe2 200-203 	' 142.7 3.9 - 142.6 3.6 
1Pt(S2PMe2)(PPh3) 	PF6 26 14-267 146.1 3.7 - 146.1 3.6 
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Table 2.6 (contd.) 
Found(%) ' Required (%) 
Compound 'M( °C). C H Others C H 'Others 
?t (S2PMe2 )(pPh3 )C1 162-165 51.9 14.0 ci,14.6 51.8 14.1 Ci,14.O 62.8 
[pt(S 2  PMe  2  )(PPh 3  Q Br 199-201 51.6 14.2 - 149. 14 3.9 - '147.5 
[Pt(S2PMe2 )(PPh3 ) 2]I 2142 146.3 3.8 1,12.7 .i7.0 3.7 1,13.0 - 
[Pt(S2PMe2 )(PMePh2 ) 2]PF6 258 38.1 3.6 - 38.8 3.7 - 	 , 514.8 
{Pt(S2PMe2 )(PMeph2 ) 21Bph14 98 57.9 14.6 - 60.0 5.1 - 143.0 
[Pt(S2PMe2 )(Asph 3 )Bph14 108-112 58.9 5.0 - 59.14 14.5 - 314.2 
[Pt(S2PMe2 )(AsPh 3 )pF6 199-202 142.1 3.3 - 	 ' 142.14 3.8 - 50.14 
Pd(S2PMe2 )(PPh3 ) 2 BPh 14 182(decomp) 69.6 6.0 - 69.2 5.2 	' - 322e 
[Pd(S2PMe2 )(PPh3 ) 2]PF6 211(decomp) 50.6 , 	 3.9 - 50.7 14.0 - 	 ' 57.9 
[Pd(S2PMe2 )(PMePh 2 ) 2]pF6 202-2014(decomp) 142.9 14.1 - 143.2 14.2 ' 	 - 52.6 
[Pd(s2PPh2 )(PPh3 )BPh14 89 68.14 5.3 - 69.2 5.3  
Pd(S2PPh2 )(PPh3 ) 2]PF6 235(dec) 55.14 3.7 - 56.3 3.9 - 57.14 
Pd(S2PMe2 )(PMe2ph)Bph14 165 65.9 , 	 , 	5.5 - , 	 65.7 5.5 - 38.5 
[Pd(S2PMe2 )C1(PPi-i 3 )) 191 145.8 14.0 C1,6.5 145.14 14.0 C1,6.7 - 
539b 
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Table :2,6:(aritd 
Found (%) Required (%) 
Compound p( 0Q) C H Others C H Others 
[Pd(S2PMe2 )Br(PPh 3 )] 215-218(decomp) 142.2 3.7 Br,114.O 141.9 14.O Br,14.3 
tPd(S22)C1P31 226-228(decomp) 514.5 14.0 C1,5. 14 55.2 3.8 C1,5.6 
AsPh 1jPt(S2COEt) 3 112 141.9 3.8 S,20.2 142.1 3.7 S,20.2 
AsPh 14[Pt(S2CO)(S 2COEt) 1141 142.5 3.2 S,15.9 142.5 3.2 S,16.2 
AsPh 14 [Pd(S2CO)(S2COEt)] 155 147.8 3.6 s,18.3 147.9 3.6 s,18.3 
a 	In A 1 cm 	mol 1 measured in CH2C12 (io M) at 298 K 
b 	Experimental molecular weight (acetone) 
C 	 Calculated molecular weight 
d. 	Contaminated with small amount of [Pt(S 2PMe2 ) 2PPh 
e 	Immediate reading; after 145 mm., 	A = 3.2 9 	 cm2 m01 1 . 
ha 
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CHAPTER 3 
SOme LOw-valérit CdipIéxés Of GrOip VI A Métäls with DithiO-ääid Lignds 
• Preamble 
The heaviermetáls of group VIA, Mo and W. do not show agreat 
deal of similarity to Cr11 . The difference is perhaps most marked in 
the most stable oxidation states, Cr(III) and Mo(VI) for instance . The 
great stability and inertness of Cr(III) has led to the preparation of a 
laxge number of complexes and numerous kinetic studies; there is no 
comparable chemistry of Mo(III) (or W(III)). As this chapter is 
primarily concerned with the +2 state of Mo. and W only this state will 
be considered in detail. 
Mononuclear Cr(II) species such as Cr(C1O) 2 .6H2o, CrC12 .4H20 
etc. may be crystallised from aqueous solutions of Cr 2 ion, which is 
usually prepared either by reducing Cr(III) compounds with Zn a1]ialgamor 
electrochemically. 	Mononuclear Mo(II) complexes on the other hand, 
are not stable in the absence of u-acceptor ligarids; "MoC1 2" is in 
fact the cluster compound M0 6C11211 . 
Perhaps the most striking feature of d ' metal systexns[Cr(II), 
Mo(II), W(ii), Re(III), Tc(III) is the formation of strong, multiple 
130 	
i metal-metal bonds . This tendency s most marked in the series of 
compounds IMO 2 (000R) 1j (R=alkyl or aryl) first prepared by Stephenson 
etal. by the reaction of IMO(CO)61 with the appropriate carboxylic 
131 	 132 aci d • Structural studies on the acetate 	and more recently on the 
trifluoracetate 133 have shown these compounds to have the structure 
shown in fig. 3.1, which is also the structure of Cr(II), Rh(II) and 
13 Cu(II) acetates 	• The interesting feature of these compounds is 
the interaction between the two metal centres vhiéh can vary from a 







Dinuc].ear Carboxylate Structure (found with MCu(II), Cr(II), 
V(III) LRCOO , Rh(II), Mo(II)). 
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very weak interaction which is hardly more than a pairing of spins 
(e.g. Cu(II), r(M-M) = 2.65 )135  to a very strong M7M bond (e.g. 
Mo(iI), r(M-M) = 2.11 )132 
There are two important factors influencing M-M bond formation, 
namely Oxidation State and Valence Shell Configuration. 
The importance of low oxidation state is related to the size of 
the metal orbitals. High electron density on the metal centre can lead 
to valence shell orbitals of a size sufficient to obtain good overlap 
with the orbitals on another metal centre at a distance which does not 
introduce too much repulsive interaction of the cores. For this reason, 
most M-M bonded systems have metal atoms in a formal oxidation state of 
+2 or less. The valence shell configuration is important also since 
too many electrons would result in occupancy of antibonding as well 
as bonding orbitals, in spite of good overlap being possible. The most 
favourable configuration appears to be d (Cr(II), Mo(II), Re(iIi), 
Tc(III) etc.) and the strongest M-M bonds are found in metal complexes 
with this configuration. (ci'. [Mo(000Me) 2,J 2 ). Cotton (see ref. 130) 
has developed a semi-quantitative Molecular Orbital approach to this 
problem. Bonding orbitals may be formed by overlap of d 2 (a), d, 
d yz 	 xy (21r) . and d (6) orbitals on one metal centre with those on the 
other. Thus the d.4  configuration can lead to complete filling of all 
the bonding orbitals, resulting in a quadruple bond between the metal 
centres. Good supporting evidence for this scheme (especially for the 
6-bond) arises from the structures of [M02C13] 136 and (Re 2C1812 137 
(both d) which have an eclipsed configuration of the two MCl units 
(fig. 3.2) which is necessary for maximum overlap of the d orbitals. 
This criterion cannot be so rigorously applied to the dinuclear 
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- 	Fig. 3.2 
Eclipsed and staggered conformations of an M2C18 	system 
showing the orbital overlap in the 5-bond. 
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Table 3.1 
Metal-metal bond lengths and stretching frequencies for some Mo(II) 
dinuclear complexes. (Values taken from refs. 138 and 139). 
Compound "Mo-Mo 
(CM-1 ) (.) 
[Mo2 (oCoMe) 1j 406 2.11 
[M02 (oCoMe) 1J .2Py 363 
vIo2(0c0cF) 1J 397 2.09 
[M02 (OCOCF3 ) I) .2MeOH 386 - 
{Mo2(0C0CF3 ) 	.2PPh3 377 - 
IMo2(OCOCP3)iJ .2Py 	- 367 2.13 
40
2 (OCOEt)j 	 - 400 - 
(M02(0C0Pr'3 402 - 
[Mo2ocoPh] 4o4 - 
[M02 (00006 1111 )41 397 - 
KMo 2C18 . 345 - 
K10 2C18 .2H20 345 2.111 
(EnH2 ) 21Mo2C18 .2H20 3119 2.13 
(T)51M02d18)d1.2H20 350 2.15 
Cs4[Mo2Br8 
39 - 
K4 [Mo 2 (SO 4)jj 370 - 
I[M02 (so4 )jJ .2H20  
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configuration by the bridging ligands. In these cases, the M-M bond 
length must be used to estimate the extent of the interaction. Another 
useful technique for the study of these systems is Raman spectroscopy. 
The totally symmetric M-M stretching mode would be expected to be 
Raman-active and recent studies have confirmed this133,138,139. There 
does not, however, appear to be very much correlation between v(MM) 
arid the M-M bond length, although for Mo-Mo quadruple bonds, the 
absorptions all lie in the range 106-310 cm' 138  These results 
are summarised in Table 3.1. A recent 1  H NNR study 14o  of the 
compounds [M0 2ClL4j and Re2Cl6L2] ( L = tertiary phosphine or 
phosphite) has shown that the multiple M-M bond can diamagnetically 
shield protons on the ligands in a manner similar to the C-'-.':C bond 
in acetylenes. This method may find future application in the study 
of M-M bonds. 
Fig. 3.1 shows the general dinuclear carboxylate structure, 
with the vacant co-ordination position at each end of the molecule 
filled by a donor ligand L (often the solvent in which the 
preparation is carried out e.g. H 20). MO(II) carboxylates are 
unusual in this respect since they are difficult to obtain with 
the ligand L whereas the other dinuclear carboxylates are difficult 
to obtain in a crystalline form at any rate) withOut it. The 
reason for this probably lies in the fact that any ligand bound 
to the metal in this manner has to use an orbital which is already 
involved in the M-M bond and therefore it will tend to weaken the 
M-M bond. In the case of the d systems t , where all four d electrons 
.are in bonding orbitals, it seems that the requirements of the M-M 
t but not {Cr(OCOMe)ll2O which crystallises with terminal groups. 
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bond take precedence and the interaction with ,L is weak. Direct evidence 
of this has been difficult to obtain but the recent structure determination 
on [Mo9(OCOCF)h1 and its pyridine adduct 133  showed a slight increase in 
the Mo-Mo bond length (indicating slight lowering of the bond order), a 
long Mo-N bond (indicating a weak interaction) and a. lowering of the 
Mo-Mo stretching frequency (see Table 3.1). Cotton and Norman 133 
studied the Raman spectrum of [M0 2 (OCOCF3 )] in various solvents and 
found that v(MoMo) varied from 397 cm 1 in CH2C12 to 31&3 cm' in 
pyridine, i.e. it decreased as the donor ability of the solvent 
increased. The long, and therefore weak, Mo-N bond in [M02 (oCOCF3 )] .2Py 
was stated to be due to a novel effect, the "metal-metal trans-effect". 133 
Unfortunately, owing to the difficulty of obtaining, in a crystalline form, 
dinuclear carboxylates of metals other than Mo without terminal groups, this 
remains the only study of the effect of adding a ligandL on the M-M bond. 
The acetate groups in Imo 2 (ocoMe)j can be replaced. by halide ion 
by boiling with concentrated aqueous HX (xci, Br)1.  The resulting 
chloro compounds1  were ftrmulated as species containing clusters of 
metal atoms ("Staphylonuclear") and, on the basis of analytical data, 
were given such formulae as (Cs 6MoCl16 or [(NH1) 7Mo3Cl13]. A new 
form of "Mod 2", -MoCl 2 was also described13l2, arising from the 
reaction of [Mo2 (OCOMe) 4] and dry HC1 at 523 K. Several of these Mo(II) 
chioro-species were investigated crystallographically by Cotton'etal. 
(see ref. 139 for references) who showed that many of them contained a 
[Mo2Cl8} ' anion with a short Mo-Mo bond (Table 3.1). Another structural 
type found was the confacial bioctahedron (fig. 3.3), which was found in 
the. complex ICS 3Mo2Cl . There are two bridging chlorides, the third 
143 bridging position being vacant . The short (2.38 ) Mo-Mo distance 
in this compound was taken to imply quite a strong metal-metal bond. 
This complex has Mo in the formal oxidation state +2.5 and it can easily 
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Fig. 3.3 
- 	 The confacia]. bioctahedron. 
0 
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be oxidised electrochemically to Cs 3Mo2C19 which also has a short Mo-Mo 
bond 144 (2.66 ) which Cotton 
145 
 has interpreted as a triple bond. By 
considering various geometrical parameters of the confacial bioctahedron, 
Cotton 
1115 
 has rationalised the compression or expansion of the MX 3M unit 
in terms of attractive or repulsive M-M interactions for a number of 
compounds with this structure. Of particular interest here is the series 
[M2C19] 3 (M=Cr, Mo, w). The M-M distances are 3.12, 2.66 and 2.41 
respectively and serve to emphasize the increasing tendency for increased 
M-M interaction on descending the triad. The Cr compound showed net 
repulsion of the Cr atoms (magnetic measurements showed the presence of 
magnetically dilute centres) while the W compound was considerably 
distorted by the strong W-W bonding interaction. 
INTRODUCTION 
Most of the recent publications concerning d.ithio-ligand complexes 
of Mo have dealt with compounds of Mo(IV), (v) or (VI). For example, a 
series of complexes of Mo(V) of general formula IMO 203 (S_s) jj , ( s-s)= 
S2CNR2,S2P(OR)2,S2COEt 
147  with one bridging and two, terminal oxygen 
atoms in each molecule have been prepared (fig. 3.I). The IR spectra of 
these complexes show absorptions in the region 900-1000 cm-1 which were 
assigned to terminal (MoO) 147.  The complexes are almost diamagnetic 
due to spin pairing of the unpaired d electron on each Mo(V) d1 ion in 
a delocalised orbital spread along the Mo-O-Mo bridge 1 
8 
The X-ray 
/ structure of the S2COEt complex 148 showed that the two terminal Mo0 
bonds were 'cis, which is consistent with the occurrence of two Mo0 
stretches in the IR spectrum. Cotton and Wing assigned a band at 
lO1 6 cm-1 to v(Mo0) but Moore and Larson 	have suggested that this 
assignment is incorrect and that a band at 948 cm was better assigned 
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The two geometrical isomers of IMO 2O3(S-S). 
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to v(Mo=0). The region 900-1000 cm-1 is characteristic for Mo0 
stretching absorptions. 
The ccmplexes[Mo2O3 (S-S)j (s-s = Th2CNR2 orTh2P{OEt} 2) may 
be reduced with PhSH, Zn dust or S 201 2 ion to the Mo(IV) complexes. 
[MOO(S_S)] 151  and these complexes also show absorptions between 
900-1000 cm. 1 . 	Comparison of Mo(V)- and Mo(IV)- oxygen stretching 
frequencies showed a slight irirease on reducing the oxidation state. 
This was rationalised in terms of increased d-p 71 bonding in the Mo(IV) 
complex which only has one terminal oxygen as opposed to the Mo(V) 
complex where there is competition for ¶-electron density from the 
bridging oxygen atom. In support of this, the related Mo0 2 (S-S) 2 
complexes show a further decrease in v(MoO), due to increased competition 
from the second terminal oxygen. 
Very few Mo(III) dithio-acid complexes appear to have been prepared. 
152 Lindoy 	 studied the interaction of Li 3MoC16 .9H20 with a number of 
chelating ligands containing a thiol group, a reaction which gave dimeric, 
trimeric and tetrameric species postulated to contain the confacial 
bioctahedral configuration (q.v.). However, reaction of Li 3MoC16.9H20 
with KS2P(OPr1 ) 2 gave only the Mo(IV) complex Mo0(S 2P0Pr1 2 ) 2 J. More 
recently, Cavell and sanger176  described the preparation of [Mo(S 2PF2 ) 3 ] 
which was a red, paramagnetic solid (p eff = 3.53 BM) and was monomeric 
(mass spectral evidence). The complex was readily oxidised in the solid 
state or in solution to the Mo(IV) species [MoO(S2PF2 ) 2}. All the Mo(II) 
dithio-acid complexes prepared to date contain it-acceptor ligands such as 
NO, CO or PR 
3* 
 Colton 153  described the preparation of [Mo(Co)c12L 
(structure unknown) from[Mo(CO) 6jand C12 and subsequent papers described 
reactions of this compound with various ligands including dithio-acid 
ligands. 
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The complexes [Mo(C0)(S 2CNR2 ) 2} (n2,3) were preparedl5 and the 
dicarbonyl complex was found to be a CO carrier i.e. it reversibly combined 
with CO to form the tricarbonyl species. The related compounds 
[Mo(CO) 2 (EPh3 )(S2CNR2 ) 2] (EP, As, SO were made from [Mo(CO) 2 (EPh 3 ) 2Cl2] 
and NaS2CNR2 155 The diamagnetism of these MO ( II ) r  d't complexes is 
surprising. Colton'et'al. 153155 have suggested that this is due, to the 
complexes being seven-co-ordinate and dinuclear but to date neither the 
parent compound nor any of the derivatives appear to have been studied 
crystallographi C ally. 
A formally Mo(0) dithiocarbamate complex has also been made. 
[Mo(NO) 2 (S2CNR2 ) 2 ] was prepared 156  from [Mo(NO) 20l2] and NaS2CNR2 and 
found to be fluxional on the NMR time scale. The scrambling of the R group 
protons which was observed was considered to be caused by a combination of 
bond rotation and partial ligand dissociation followed by rapid 
re-orientation of the resultant unid.entate S2CNR2 group about the Mo-S 
bond. In this same paper was described[Mo(NO)(S 2CNNe2 ) 3]which had a 111 
NMR spectrum which was in accordance with a pentagonal bipyraznidal 
structure with the NO group axial. This molecule was also fluxional 
on the NMR time scale. 
Thus, low-valent Mo dithio-acid complexes without it-acceptor ligands 
are rare and therefore, by analogy with the facile replacement of the OCOMe 
group in 1402 (OCOMe)j (q.v.) with halide ion, it was hoped to remedy this 
situation by extending the exchange reactions to dithio-acid anions. This 
Chapter is, therefore, devoted to a study of low-valent Mo dithio-acid 
complexes formed from [Mo2 (OCOMe) 14] by direct replacement and their 
interaction with various donor ligands. A preliminary account of the 
reaction of Ph2PS2H with[Cr(CO)a,[Mo(CO)6]and{W(CO)J is also included. 
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RESULTS AND DISCUSSION 
1) 	Reactions involving IMO 2 (OCOMe) 14J 
a). Reaction with ..S 2COEt 
Reaction of a suspension of [M0 2 (OCOMe) 1Jin degassed 
MeOH at 333 K produced a rapid darkening of colour and the formation 
of a red crystalline precipitate and a green solution. The red solid 
was characterised as [M0 2 (S2COEt)J on the basis of analytical, IR and 
'H NMR evidence; the molecular weight of the complex in acetone was 
also in accordance with this formulation (found M=671; required M68O). 
Although the analytical figures do not unequivocally rule out species. 
such as {M0203 (S2COEt)}, careful comparison of 1H NMR, IR and UV/visible 
spectra with the published data for this compound confirmed that they are 
different compounds (Table 3.2). An attempt was made to obtain the Raman 
spectrum of the complex but decomposition due to the laser beam prevented 
this. 
The complex is remarkably stable and does not appear to be 
oxidised over a period of months in air, as indicated by the absence 
of bands in the region 900-1000 cm-1 in an aged sample. A likely 







(A) 	Th-s = S2COE-t 
(B) 	S-S = S2CNR2 
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pectra1 parameters for : Various 	Oly thte_cpPl!xes 
[M02 (S2COEt )] [M0203 ,2coEt ) 4 
 )a [M02(S2C0Et)PY Poo( 
S2COEt)2PYJa 
Colour red dark 	green 
 red light 	brown 
IR spectra 1260m, 1200vs, 1150s 1281ws, 1242vs, 1295m, 1225m, 1220vs, 1120s, 
-1. cm 
lllOvs, 10145vs, 1030s 1120s, 1047vs, 1032s 1219m, 118Ovs, 1145vs 1065m, 10140m, 1015m 
/ bOOs, 865m, 72OmC 999m, 95 1ts, 862m 1120s,ibO9Om, lO6Ovs 9 145vs, 750m, 725m 
814w, 730md 1035m, 1005m, 1000m 690wd 
868m, 860m, 820w 
- 750m, 725w, 700mC 
electronic spectra in acetone in chlorOfOrm 'in chloroform 'solid staté'réflectance 
(10-l5)xl03 	-1 275 e (11,000) f 37e (10,000) f 33e (10,000) f 37• e 
23.4 	( 	6,500) 29.1 	( 	7,000) 27.0 	(12,000) 35.0 
17.9 	( 700) 19.7 	( 9,000) 23.5 ( 	5,000) 29.8 
17.9sh( 1,000) 17.7 	( 600) 25.0 
18.7 
• in deuteroacetone 'indeutero'benzéne in'deuterochboroform in_geuto,pyridine . 
8.52T.(CH3 ) 9.17T (Cl3 ) 8.51r (CH 3 ) 3 
8.70T (CH 3 ) 
5.33? (CH 2 ) 5.97T (CH 2 ) 5.30T (CH 2 ) 6.10T (CI ) 
l.64T, 2.36?, 2.80T 1.15T, 2.9T(C 5H5N) 
(C 5H5N) 
a 	All spectral data taken from R.N. Jowitt and P.C.H. Mitchell, J. Chem. Soc. 	(A), 1702(1970). 
b From F.W.' Moore and M.L. Larson, Inorg. Chem. 6 	998(1967). 
e 
-1 
Band 	 (10J 	). energy maximum 	cm c 	Nujol mulls. - 	- 
d 	KEr discs. f Maximum molar extinction coefficient (mol cm 
I 
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In support of this formulation, [Mo 2 (s2coEt) 1j readily adds donor ligands 
L to give[Mo2 (S2COEt) 1j.2L 	(LPy, l-picoline, Et 3As, Et 3P, (Me) 2C0) in an 
analogous fashion to [M02 (000Me)} 131 and [M02 (000CF3 ) .J 133 . These adducts 
are stable red-brown crystalline solids, except when L=(Me) 2C0. The acetone 
adduct was readily prepared by dissolving [Mo 2 (S2C0ft) in acetone and 
setting the solution aside whereupon large single crystals rapidly formed. 
The complex lost acetone on standing at ambient temperature and the 
crystals became opaque and decrepitated. There was a strong IR absorption 
at 1680 cm-1 which was assigned to v(CO) (cf. v(CO) in free acetone at 
1720 cm 1 ) of co-ordinated acetone. The reaction of [Mo2 (S2COEt) with 
more hindered bases such as 2-picoline or PPh 3 resulted in the starting 
material being recovered on work-up. 
The parent complex was completely insoluble in non-co-ordinating 
solvents (cHc.i 3 , CH2C12 etc.)but the adducts (LPy, 4-picoline, AsEt 3 etc.) 
were soluble in these solvents and could by recrystallized unchanged. This 
is in contrast to the low stability of the adducts of [M0 2 (OCOMe) 131 . In 
addition, the adducts, like the parent complex, seem to be indefinitely 
air-stable in the solid state and for several weeks in solution. The Raman 
snectrum of the adduct with LPy showed a strong absorption at 361 cm 
(CHC13 solution) which was assigned to v(MoMo) (cf. Imo 2 (OCOCF3 ) ij .2Py; 
v(MoMo)367 cm)133 . While this work was in progress, a reference 
reported in a paper by Fackler etal. 157 stated that the crystal structure 
of [M02 (s2coEt) jJ had been solved and that there was a short Mo-Mo bond 
of 2.12 2, which confirms our structural assignment (1A). 
b) Reaction with SOCPh 
Reaction of [Mo 2 (OCOMe) 14) with excess NH1 S0CPh in degassed MeOH 
at 333 K, or with excess PhCOSH in benzene at 353 K, produced a rapid 
colour change from yellow to red and precipitation of a red solid. The 
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mass spectrum of this solid showed a pattern characteristic of a Mo 2- 
* 
containing ion at nile 7140 (most abundant peak) which is consistent with 
the formulation [Mo 2 (socPh) 1J (M=744 , based on 8M). 	Reasonable 
structures for this species are given in fig. 3.5 (s-o = ThOCPh); (Ii) is 
similar to the structure found for [Ni(SOCPh) 23 2 Et0H18 . Inspection 
of the IR spectrum of [M02 (SOCPh) showed bands at 1465 cm-1 and 
960 cm due to v(CO) and 'v(CS) respectively. These values are in 
accordance with bidéntate SOCPh co-ordination which leads to relatively 
little change in the positions of v(C0) and v(CS) compared to the free 
SOCPh ion (cf. NH14SOCPh; v(CO) 1500 CM-1  , v(CS) 960 cm-1 ; [Ni(SOCPh) 2) 2 .ftOH 
v(C0) 1508 cm, v(CS) 958 cm-1 )159.  The lowering of v(C0) by 145 cm' compared 
to the lowering of v(CS) by ca. 0 cm-1 
	 indicate a stronger Mo-0 than 
Mo-S interaction (see ref. 159). The Raman spectrum of [Mo 2 (S0CPh)) in 
CHC13 showed a strong band at 359 cm 1 with a shoulder at ca. 367 cm 1 . 
The IR spectrum in this region showed only the band at 367 cm
-1  and so the 
359 cm-1 band was assigned to v(MoMo). Support for this assignment cane 
from the observation that the 359 cm
-1  band shifted to 339 cm' when the 
Raman spectrum was run in pyridine while the 367 cm' band did not change 
position. Although {MO2 (S0CPh) 41 interacts with pyridine in solution, 
with a slight change in colour, no pyridine adduct could be isolated. It 
was hoped to determine the detailed structure of[Mo2 (SOCPh) by means 
of an X-ray crystallographic investigation, but crystals of [M02 (SOCOPh)J 
grown from CH2C12 rapidly decomposed in the X-ray bean. The complex 
/ itself is very stable in air and in solution, like{Mo 2 (S2COEt) j] , but 
it differs in that it is soluble in non-donOr solvents such as C H..- or 6o 
CH2C12 . The electronic spectrum is relatively uninformative and only 
shows two very intense bands at 20,800 (c 9100), 38,500 Cc 9500) cm_i . 
* 
The computer program ISOC was used to simulate the isotopic pattern. 
See Appendix I. 
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Fig. 3.5 
Possible structures for [M02(SocPh)J 
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c). Reaction with ..S2PR2 
i)R=Ph 
Reaction of [M02 (ocoMe) iJ with NH1 S2PPh2 in degassed MeOH led to 
the formation of a salmon-pink micro-crystalline solid. IR studies indicated 
the presence of both OCOMe and S 2PPh2 groups (v 1189 (v-m), Vs 1397 cm 1 
(in), =92 cm 1 ; cf. [M02(0C0Me)41 131 V 	1512, 114914, v5 11409 cm-1 ; L=85as 
cm-1 ); the positions of the v(PS) vibrations were in reasonable accordance 
with bidentate S2PPh2 co-ordination (608, 560 crn). The complex was too 
insoluble for molecular weight measurements and the mass spectrum showed 
no pattern containing Mo but analytical studies suggested that the complex 
was best formulated as [Mo(S2PPh2 )(OCOMe)i n ' 
	
The reaction of [MO(co) 6 J 
with HO2PPh2 has been reported to give an insoluble salmon-pink complex 
formulated as [Mo(O2PPI12)2] 131  The salmon-pink S2PPh2 complex py 
have a similar structure. The pink complex slowly darkened on exposure 
to air, a band grew in its IR spectrum at 973 cm v(Mo0) and acetic 
acid was evolved (cf. similar behaviour of [Mo 2 (OCOMe) 1 )'31 ). The complex 
dissolved in hot benzene containing excess pyridine, but on cooling and 
addition of ether, only starting raterial was recovered. 
The acetate group in lMo(S2 h 2 )(0C0Me)] could be displaced by 
warming in benzene containing excess HS2PPh2 whereupon a green crystalline 
solid,also insoluble in common organic solvents, was deposited. This 
compound was also formed when (M0 2 (OCOMe) 1.J was warmed in benzene solution 
with excess HS2PPh2 . TheIR spectrum of these compounds showed, in the 
region 650-550 cm', bands at 632(m-s), 628(m-s), 606(s), 572(m,sh), 
565(m-s), 560(m7s), 555(s) cm-1  which suggests that this compound is 
* 
An attempt to obtain a Raman spectrum in order to locate the 'v(MoMo) 
vibration was unsuccessful due to decomposition of the sample in the 
laser beam. 
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• not the expected {M0 2(s2PPh2 ) 41with the acetate structure. The analysis, 
(C,H), however, was close to that required for [Mo(S 2PP 2 ) 	and a mass 
spectrum, while showing no parent ion at nile 1192 did show the 
characteristic isotopic pattern for Mo 2-containing species atm/e 
9 ca. 600 and a more abundant pattern around nile 1426 ( Mo). The complex 
was too insoluble to measure its molecular weight and an attempt to 
obtain a Raman spectrum was unsuccessful, due to decomposition in the 
laser beam. The complex is less air-sensitive than 	 )(OCOMe)l n  
and little colour change was observed after several months' air-exposure. 
The nature of these compounds is still uncertain (see later). 
ii) 
Reaction of [M02 (OCOMe) 13 with NaS2PEt 2 in degassed MeOH gave a 
red-brown solution which deposited a green solid on concentration. This 
solid, showed no OCOMe bands in its IR spectrum and C,H analyses were 
Close to the expected values for fMo(S DPEt2) O1. Unlike the S0PPh0 
complex, this compound was soluble in organic solvents and. its 'H NNR 
spectrum showed a complex inultiplet at 7. 145T which could be interpreted 
as a doublet of quartets (CH 2 ) and two more widely spaced triplets 
centred at 8.70T (Me). This is consistent with the complex having the 
Mo(II) acetate structure but a more detailed exainination'of the spectrum 
is necessary before any firm conclusions are reached. The electronic 
spectrum in CHC1 3 showed bands at 16,100, 27,170, 30,500 cm-1 . An 
attempt to obtain the molecular weight in CHC1 3 was unsuccessful owing 
to ready oxidation in solution although the solid appears to be fairly 
air-stable. The solubility of the S2PEt2 complex might enable crystals 
to be grown with a view to characterising this system crystallographically. 
* 
Computed using ISOC. See Appendix I. 
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d). Reaction with ..S 2CNR2 
The reaction of a suspension of [Mo 2 (OCOMe)] in a small volume 
of degassed MeOH at 353 K.with excess NaS 2CNR2 (RMe, Et, i-Pr) led to 
rapid precipitation of green crystalline solids which analysis indicated 
to be [Mo(S2CNR2 ) 2] .. An osmonietrie molecular weight determination on 
these complexes was impossible because of their extremely facile 
oxidation in solution to purple 1Mo203(s2R2)4]T. They are also 
very air-sensitive in the solid state, especially the S2CNMe2 compound 
which goes brown within seconds in the atmosphere. The complexes with 
R=Et, i-Pr are slightly more stable but they also darken over a period 
of hours and within 1 day are converted almost entirely to the Mo(V) 
o-species. 
However, if the reaction between [M0 2 (OCOMe) 1] and NaS2CNR2 
(R=ft, i-Pr) is carried out in degassed EtOH or in dilute MeOH solution 
over an extended period of time, products with more complicated 'H NNR 
spectra than the previous rroducts are obtained. The 111  NMR data are 
summarised in Table 3.3. Since it is simpler, only the methyl region 
will be considered in detail. 
The methyl region of the compound with REt, prepared in MeOH, 
showed what appeared to be a broad doublet of triplets of about equal 
intensity but the poor quality of the spectrum precluded further analysis. 
1 The product from EtOH, however, had a sharp H NMR spectrum with a well 
resolved doublet of triplets centred at 8.69T. A recent publication 16o 
described the reaction of {M0 2 (OCOMe)J with NaS2CN(n-Pr) 2 methanol 
which gave a compound shown by X-ray crystallography to have the 
structure (5). This is in fact formally a Mo(IV) complex containing a 
"carbene" ligand. In view of this, it is possible that the compound 
formed initially, which was isolated from the MeOH reaction, has the 
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Table 3.3 
'H NIvIR Data for [Mo(S2CNR2 ) 2] 
R 	Preparation TCH a 
	
CH a 















- 	 e 
i-Pr 	EtOH 
	 - 	7.38 m, 6. 	rn 
a relative to TMS. 
b 	s=singlet, d=doublet, ttriplet, cjquartet, rnrnultiplet, d.-td.oublet of 
triplets etc; brbroad resonance, shsharp resonance. 
c all spectra rim in CH2C12 . 
d J CH 
2 3 
CH 	
ca. 7.0 Hz. 
e see text. 
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R 7R 
	
S  ZI 	̀,~ zS 
S 	I S 	S
---,  / 
R = n-Pr 
(5) 
general "acetate-type" structure (1B) whereas, on carrying out the 
reaction at a higher temperature in EtOH, or on leaving the initial 
product in solution for an extended period of time in MeOH (1B) rearranges 
to the complex (5). The expected 'H NMR spectrum of (5, R=Et) would be 
four triplets in the Me region due to the four inequivalent Et groups. 
The fact that only two triplets are observed could be due to fast 
rotation about the C----N bond or accidental degeneracy. The expected 
spectrum for the "acetate-type" structure (1B), R=Et would be a single 
triplet, whether or not there was fast rotation about the C--- bonds. 
The product fronrEt0H did show slight broadening of the Me rscnances 
at 200 K but this could have been due to increased viscosity or 
precipitation of solute. The complexity of the spectrum of the MeOH 
product (lB) was probably due to it being a mixture of (1B) and (5) as 
a result of ready conversion into the S-bridged Mo(IV) species. 
More convincing evidence in support of this interpretation was 
obtained from a study of the products from [M02 (ocoMe) jJ and Th2CNiPr2 
in MeOH and EtOH solution. The lB spectrum of the product from EtOH 
showed more bands than the MeOH product and the band assigned to v(&—'I) 
was higher in the EtOH product (see experimental section). The 1H NMR 
- 
8•4 	8•6 	88 	9.0 	92 	94 
Fig. 3. 
NMR spectrum of"[Mo(S2CN(i-Pr) 2 ) 2)" at various times. 
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spectrum of the MeOH product showed, in the methyl region, a sharp doublet 
at .8.48T and a complex series of resonances to higher field which appeared 
to consist of four overlapping doublets of about equal intensity (fig. 3.6) 
together with a broadened resonance and a further sharp doublet at 9.40T. 
The doublet at 8.48T could be assigned to the "acetate-type" complex 
(lB, R1-Pr) and the four doublets to a Mo(IV) species of the type 
(5, R=i-Pr). After Ca. one hour in solution the 8.48T doublet had 
decreased in intensity and after eighteen hours it had disappeared, 
which could be attributed to conversion of (1B, R=i-Pr) to (5). The 
origin of the higher field resonances is uncertain. They do not change 
with time and only show very slight temperature variation. The CH 
protons showed several complex resonances in the region 6-8T. Owing 
to their complexity, no attempt was made to analyse these resonances 
further. On cooling, the sample, the spectrum underwent complex changes 
which have not, to date, been satisfactorily explained. A likel'rtia1 
explanation is restricted rotation about the N-C(i-Pr) bond which has been 
satisfactorily demonstrated161 in Ni(II) and Co(III) S 2CN(iPr) 2 complexes. 
A structural study of [Ni(S2CN{i-Pr}2 ) 2 ] showed that the i-Pr groups were 
arranged in a fashion that minimised interactions between the CH proton 
on one group and the Me groups on the other. This arrangement made the 
two CH protons inequivalent and the observed temperature' dependence of 
the CH resonance (one septet at 3140 K, two resonances at 222 K) was 
explained on the basis of this preferred orientation. A survey of the 
crystal structures of numerous S 2CNR2 complexes showed that this 
phenomenon was quite general but the barriers to rotation are not always 
high enough to show any restricted rotation at accessible temperatures. 
Like the S2CNEt2 complex, both forms of the S2CN(i-Pr) 2 complex 
are air-sensitive, the presumed "acetate-type" species more so than the 
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"carbene" species, and both give (MO 203 (S2CNiPr}2 ) ]4] as the oxidation 
product. This ready conversion of both species into the oxidised form 
is a further complication in the. study of the time and temperature 
dependent NMR spectra of these compounds. An attempt to trap the "acetate-
type" complex (ii, R=Et) as its pyridine adduct by carrying out the 
preparation in MeOH, containing an excess of pyridine was not successful. 
2) . 'Reactions .involvingMo(C0) 6] 
A useful synthetic route to Mo(II) compounds is the reaction of 
{Mo(co) 6)with carboxylic acids which gives the dinuclear Mo(II)' 
carboxylates' 31 . [Mo(CO) 6]a1so reacts with HO2PPh2 (q.v.) giving a 
complex formulated as [Mo(0 2PPh2 ) 2 and it seemed logical to try to 
extend this reaction to other phosphorus acids. This section deals with 
a preliminary study of the interaction of[Mo(C0) 6]with d.ithio-acids. 
a). .Reaction with .HS2PPh2 	 . . 
Refluxing(Mo(CO)j and HS2PFh2 in THP, benzene or dioxan resulted 
in the formation of a red-purple solution from which a di&rgnetic, purple 
crystalline solid could be isolated. This compound contained'no absorptions 
in the region associated with v(C0) and only bands due to S 2PPh2 . There 
was no absorption in the region 00-100 cm which would exclude any 
Mo=0 groups although, over a period of several months in air, a band grew 
up' in the lB spectrum at 970 cm 1 . This is probably more in keeping with 
Mo(V) since the complex (moo 2 (S2PPh2 ) 2]177 has v(Mo0) at 932 and 906 cm 
and v(Mo0) increases as the oxidation state of the MO 'déäreases . (see 
Preamble). In the PS stretching region there were five absorptions at 
627(m), 610(m), 601(m), 570(s), 552(s) cm. The complex was non-conducting 
in CH2C12 so that the band at 552 cm-1 cannot arise from'iOnic S2PPh2 (see 
page 102). The mass spectrum of the complex showed only peaks arising from 
organic groups. C and H analyses, however, were close to the values expected 
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for [Mo(s2PPh2 ) 2J 	(Table 3.5) and an osmometric molecular weight 
determination (CHC1 3 ) gave values in the range 1160-1300 which suggested 
that n2. The electronic spectrum showed bands, which were almost 
certainly due to charge-transfer transitions, at 18,000, 20,600, 
26,200 cm'. 
If the reaction between Mo(C0) 6 and HS2 PPh2 was carried out in 
xylene, twenty minutes reflux produced dark brown crystals with an IR 
spectrum and analysis identical to those of the purple complex. However, 
the electronic spectrum was somewhat different, with maxima at 16,200, 
20,500, 25,600 cm. This may be another isomeric form of o(S 2PPh2 ) 2], 
a suggestion which gains support from the identical IR spectra of the 
two species (cf. red-purple and orange forms of [1hcl(PPh3)3]2). This 
explanation can not, however be applied to the green form of t'lMo(S2PPh2)2]it 
since its lB spectrum is quite different. Two possibilities seem reasonable: 
The green form is polymeric. This gains support from the low 
solubility of this compound and the complexity of the infrared spectrum 
which might suggest S2PPh2 groups in several different sites. (Cf. "a-
M0C12" which is in fact [M06C18]Cl14 11)• On the other hand, the 
observation of Mo2-containing fragments in the mass spectrum tends to 
negate this suggestion, although fragmentation of a cluster into Mo 2 units 
is a possibility since no parent ion corresponding to 4o 2 (S2PPh2 ) 4] + was 
observed. In addition its low solubility precluded an osmometric molecular 
weight determination. 
The green form is structurally related to [Mo(S2CNR2 )(SCNR2 )j 2 S2 
(5), page 140 with direct Mo-P bonds e.g. 










This structure could explain the different IR spectrum found in the 
v(PS) region of the green species. Also, the colour is somewhat similar 
to that of [MO(S2CNR2 )(SCNR2 )] 2S2 and some colour/oxidation state correlations 
can be noted. Thus ,the Mo(II) thio-ligand complexes and their derivatives with 
the "acetate-type" structure (1A) tend to be red. Also, the complex 
[Mo(SPh) 3], prepared recently by Jowitt 	 al. 	from[Mo(CO)j and the 
appropriate disulphide Ph 2S2 was dark purple and the compound [Mo(s2PF2)176 
was dark red which suggests that Mo(II)- and Mo(III)-S co-ordination leads 
to red or purple species. The Mo(IV) complex (vioO(3 2PF2 ) 2) on the other hand 
is green but the related [Moo(s2P1oft2)2] is pale pink and the relation 
between colour and oxidation state must be said to be at the very least 
tentative. In addition the presence of charge transfer bands complicates 
matters as regards colour and also complicates assignments including those 
of the bands which have been said 178  to be characteristic of Mo(II) quadruply 
bonded systems and which appear in the region 20,000-35,000 cm' in Mo(II) 
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carboxylates. For this reason no attempt hasbee±i made to assign the 
electronic spectra of these species. 
Unfortunately, 1H NMR spectra are of little use in the study of these 
complexes owing to the complexity of the phenyl resonances and the low 
solubility of.the green species. The green "[Mo(S 2PEt 2 ) 2}" (page 
is soluble enough for 111  NNR studies but the evidence that it is 
isostructural with green "[Mo(S2PPI12)2]n"  is purely circumstantial. In 
addition, determination of the oxidation state of the Mo is rendered very 
difficult by the presence of oxidisable sulphur ligands although ESCA 
measurements might be of some use in this respect t.  The only really 
conclusive method of resolving this problem would seem to be X-ray 
crystallography and although no suitable crystals of any of the three 
forms of "[Mo(S 2PPh2 ) 2 " have yet been obtained, the niicrocrystals 
obtained from the preparative reactions do appear to be truly crystalline 
as they extinguish between crossed polarisers. 
The analagous reactions with[Cr(CO) 6]and[W(CO) 6]'w-ere also investigated. 
When [cr(co) 6jwas refluxed with HS2PPh2 in THF or dioxan, a dark blue colour 
developed and a blue solid which was identified as [cr(s 2PPh2 ) 3] was isolated 
from the solution. The mass spectrum of this compound showed a parent ion 
peak at nile 799 ( 52Cr). with the expected isotopic pattern. This complex 
163 was described in a recent paper by Cavell etal. 	who prepared it from 
CrC1 3 .3H20 and NH14 S2PPh 2 . 
RefluxingW(CO) 6]with HS2PPh2 in THF showed no sign of reaction after 
three days. However, if the reaction was carried out in refluxing xylene, 
a dark brown, crystalline precipitate slowly formed which had no v(CO) in 
its IR spectrum and bands at 627(m), 606(m), 570(s), 559(shoulder), 
Some preliminary studies have been carried out by Dr. P.M.A. Sherwood on 
[M02 (OCOMe) 	and IMO 2o3 (S2cIit 2 )1j with some encouraging results. 
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550(s) cm in the v(PS) region. There were no bands in the region 
800-1000 cm 1 where v(W=0) bands would be expected to appear. The complex 
be isostructural with "[Mo(S 2PPh2 ) 2J" (prepared in lene) but again 
a structural study would be required to resolve this question. The general 
similarity of the IR spectra in the 'v(Ps) region may be significant; The 
situation is complicated by the dissimilarity in the reactions of[Mo(C0) 6J 
and[W(C0) 6]with carborlic acids which might extend to the reaction with 
phosphino dithioic acids. The complex formed when[W(CO)j reacts with 
acetic acid has not been fully characterised as yet but studies by 
Stephenson 164 and by Cotton 179  indicate that it is not [W(OCONe) 2}. In 
fact ,careful analytical and IR spectral studies coupled with an oxidation 
state determination using Ce(IV) indicate that a likely formulation is 
Me) 90J with the nucleus [w3 (oco  
and bridging and/or unidentate acetate 
groups (there was some slight disagreement between Stephenson 164 and 
Cotton' 19 on this point). 
The analytical figures obtained for the complex obtained from the 
reaction of[W(C0) 6]and HS2PPh2 in xylene did not fit for [w(s2Pm2 ) 2], 
[W(S2PP1 2 ) 3] or [W(S2PP1 2 ) 3S] , the best fit being for {W(S2PPh2 )S.(xy1ene)] 
The significance of these figures (if any) remains unclear and once again 
X-ray crystallography will probably be needed to characterise this system 
properly. 
b). Reaction with .HS2P(OEt) 2 
[Mo(CO) 6] reacts readily with HS2P(OEt) 2 in degassed benzene or 
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EtOH to give an air-sensitive purple solution, from which an air-sensitive 
purple solid can be isolated. This complex showed only IR bands due to 
and C,H analyses were close to the values required for 
{Mo(s2PoEt 2 ) 2}. The nature of this complex is at present a matter of 
speculation. 
The purple reaction mixture oxidised readily in air to give a 
yellow-brown coloured solution from which a green solid could be isolated 
by chromatography on Si02/benzene. The IR spectrum of this complex also 
showed only bands due to S2P(OEt) 2 including vefry strong broad bands 
around 950-1000 cm-1 which effectively obscured the Mo=0, stretching region. 
C,H and P analyses were very close to the values expected for (Mo203(S2P{OEt) 2)} 
However, a comparison of the published spectral parameters and colour of 
trans. * - Mo2O3(S2P0Et2) 
117 
 and M00(S2PSoEt2)2'1  with those of the 
green complex shows that it clearly can not be either (Table 3.14). The 
implication would seem to be that the green compound is the 'cis-isomer, and 
in 'support of this 'd.s-[Mo233 (S2COEt) 14J i also green. The 111  NMR 
spectrum was rather broadened and poorly defined possibly due to slight 
paramagnetism in the sample; the complex frans-[Mo 203 (S2P0Et)J has 
neff ca. 0.5 BM at ambient temperature 
147 . The fact that what appears to 
be the cis-isomer is obtained by the oxidation of a low-valent (probably 
Mo(II)) species by 02  while the'trans-isomer is formed when a Mo(VI) 
species (Mo0 142 ) is reduced by e.g. SO  is probably of mechanistic 
significance. 
T'TTcTCt 
The replacement of the acetate in [Mo 2 (000Me)jJ by anionic thio 
ligands has led to the isolation of a number of new Mo(II) complexes. 
* 	i.e. ''trans 	Mo=0 groups. See Fig. 3.14. 
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3± 
Compound 
.Spectral parameters for 
Oxidised product from 
HS2P(OEt) 2  and [Mo(CO) 6] 
trs-[MoO (S2P0Et}2)141 









1060(s ) ,10l0(vs),960(vs), 
815(s ) ,800(s) ,735( w_in )b 




CDC1 p1üt ion 
8.90) 	6.00) 
8.614) CH 	5.61) CH 
8.56) 
dark green  
1296(w) ,1165(m) ,1101(m), 
1035(sh),10114(vs) ,981.(sh), 





27.1 ( 2600) 
19.9 ( 2500) 
14.65( 	360) 
o1.tIo. 
9.38 (CH3 ) 
7.50 (CH 2) 
dark reds' 
1291(w) ,1159(m) ,11014(m) 
10147(s),1005(ys) ,l000(vs), 







8.62 (cH3 ) 
5.814 (CH 2 )
pale pink 
lB spectrum 
(1300-700 cm-1 ) 
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' Table 3(Ofitd.) 
Molar extinction coefficients (mol 	Cm- 2 ). 
Nujol mulls. 
C) 	Data from ref. 151. 
d.) 	Data from ref. 117. 
e) 	KBr discs. 
f). 	The coznPlextr6ns-[M0203 (S2CNEt 2 ) 41 is also dark reddish-purple. 
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The stability of the xanthate complex is noteworthy. Since the nature 
of the product(s) depends very much on the conditions of the reaction 
(as is found in the reactions with the halogen acids) there is wide 
scope for a study of the synthetic utility of. these reactions by 
varying the conditions. The direct reaction of MO(CO)6  with carboxylic 
acids has been shown to be capable of being extended to thio-acids and 
further investigation of this reaction and the reaction of W(co) 6 would 
be worthwhile. 
EXPERIMENTAL 
Analytical data for many of the complexes are given in Table 3.5 
Molecular weights were determined on a Perkin-Elmer 115 osmometer at 
310 K in acetone or ethanol-free chloroform. Solvents were degassed 
before use by refluxing with a stream of oxygen-free nitrogen (BOC) 
passing and all manipulations were carried out under nitrogen. '11  NMR 
spectra were run in degasEed CH2C12 (usually). UV/visible spectra were 
run on Perkin-Elmer 402 and Unicam sP800 spectrophotometers in silica 
solution cells. Raman spectra (200-600 cm-1 ) were run on a Spex 
Ramalog 2 instrument located at Glasgow University. Micro-analyses 
were by Alfred Bernhardt and the University of Edinburgh analytical 
service. Mo was 'determined by ignition to the oxide .at 500-550°C. 
Important lB bands are given below; 
Materials: [vIo (CO) 	PMe2Ph, KS2COEt, NaS2CNMe2 .21120, NaS 2CNEt2 . 2H0, 
r4 	(BDH); PhCOSH (Koch-Light); [cr(co)d,  [w(co) (Climax Molybdenum) 
IMO 2 (000Me) 11] was prepared by the standard method 131 . The ammonium 
salts of HS2PPh2 and PhCO$H were prepared by passing NH  gas through 
benzene or ether solutions of the acid. The resulting crystalline 
solids were used without further purification. NaS2CN(i-Pr) 2 was 
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prepared from (i-Pr) 2NH, CS2 and NaOH in ethanol. 
• .p -tetrakis(07ethy1dithiocarbonato)dimo1ybdenum(II): A suspension of 
• [Mo2 (ocoMe) 1J (1 g) in 20 nil 4e0H was heated to 333 K and treated with 
KS2COEt (1.7 g, 2:1 mole ratio). 	The yellow suspension rapidly dissolved 
to give a green solution from which a dark red crystalline solid deposited 
after . a. few minutes. This solid was filtered off, washed with H 20, MeOH 
and Et20 and dried by suction (v{C0) 1200(vs), v(CS) l0 145(vs) cm-1 ). A 
compound identical in every way was obtained if the reaction was carried 
out in EtOH. The complex could be recrystallised from acetone as the 
acetone adduct (v(C0) 1680 cm-1 ). It rapidly lost acetone at room 
temperature. •u -tetrakis(monothiobenzoato)dimo1ybdenum(II) was prepared 
in exactly the same way using excess NH 14SOCPh. The conplex. was precipitated 
as a bright red micro-crystalline solid which was filtered off, washed and 
dried by suction. The reaction of [M02 (oCoMe) 13 and PhCOSH (excess) in 
benzene produced a product identical to the above. (v(C0) 1 1465(s), 
v(CS) 960(c) cm 1 ). 
p -tetrakis(0-ethy1dithiocarbonato)dimolybdenum(II), bis-pyridine: To a 
suspension of IMO 2 (s2coEt) 1J (ca. 0.1 g) in 10 ml CH 2C12 was added excess 
pyridine (ca. 1 ml). 	The suspension dissolved on gentle warming to give 
a dark red solution from which dark red-brown crystals of the pçduct were 
isolated by adding light petroleum (b.p. 60-80°c) until crystallisation 
began and leaving to stand for a few hours. These crystals were filtered 
off, washed with ether and dried by suction. (v(cN) 1593(s), v(CO) 1180(vs), 
v(CS) 1060(vs) cm 1 ). The tt-picoline, AsEt 3 and PEt 3 adducts were prepared 
by the same method. Under the same conditions, there was no reaction with 
PPh 3 , l-picoline, p-toluidine or t-butylaviine. 
•u2bis(diphenylphosphinodithioato) -i 2_bis(acetato)aimolybdeflum(II): A 
suspension of 402 (000Me) 1 1 in 100 nil degassed acetone was treated with 
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excess (>2:1 mole ratio) NHS 2PPh2 . The mixture was refluxed for one 
hour, filtered and the salmon-pink micro-crystalline ppduct washed with 
H20, acetone and Et20 and dried by suction. Concentration of the 
filtrate yielded a further batch of product after a few hours. (v(as) 1489(m), 
s) .3.397(in),v(PS) 631(s), 609(m), 560(s) cm). The complex darkens over 
a period of days in air and a band grows up at 971 cm' 'v(Mo=O) 
• .(Mo(S2PPh2 ) 2)" (green form): To a suspension of [M0 2 (oCoMe) jJ in degassed 
benzene was 'added excess (>14:1 mole ratio) HS2PPh2 . The mixture was 
refluxed for ten minutes whereupon the colour changed to dark green and 
a green crystalline precipitate of the product formed slowly. The solution 
Vas cooled and filtered and the green solid washed with MeOH and Et 20 and 
dried by suction. The complex could also be made by the reaction of 
HS2PPh2 with [M02 (OCOMe) 2 (S2PPh2 ) 2 in benzene and was isolated as 
above. (v(pS) 632(s), 628(s), 606(s), 572(s), 565(m-s), 560(m-s), 555(s) 
cm). The complex seems to be quite air-stable. 
• .Reaction.of [Mo 2 (OCOMe)
41 with .S2CNR2 : The preparative method used was the 
same as for the M02 (S2C0Et) j.j preparation using excess NaS2CNR2 in either 
MeOH or EtOH (both thoroughly degassed). The resulting green crystalline 
precipitates were filtered under nitrogen, washed with water, Me011 and 
Et20 and dried by suction. The S2CNMe2 complex is the most air sensitive. 
Selected IR data:[Mo 2 (S2CNi-Pr}2 ) 14} from MeOH v(CN)11480(m-s) cm; 
- other bands at 1334(s), 1292(s) cm 1;  no band close to 1000 cm 1 ; from 
EtOH v(CN) 151 1 cm 	(m-s); other bands at 1325(s), 1300(m), 1006(m) 	-1 
(extra band in EtOH compound). There was no difference in the IR spectra 
of the S2CNEt2 complexes made in MeOH or EtOH solution, but there 'was a 
difference in their 111 NMR spectra (see text). Over a period varying from 
1 to 214 hours, these complexes oxidised in air to the purple Mo(V) species 
[M0203(S2CNR2)41. 
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Reaction .of..[M(CO) 6] :with .ditliio-acids:_[Cr(S2PFh2)a}.: Reaction .of[Cr(C0) 6] 
in dioxan solution at 105°C with excess HS2PPh2 caused a rapid colour 
change from colourless to blue. After two hours, the solution was 
concentrated in 'vdduo and ether was added to precipitate the prôduct 
as a purplish-blue powder. Analysis (found C, 511.3, H, 3.9%; required 
for [Cr(S2PPh2 ) 	C, 511.1, H, 3.8%), mass spectrum (P at nile 799 with 
correct isotopic pattern [Isoc) and infrared spectrum MPS) 571, 612 cm 1 
i.e. bidentate S2PPh2 ) identified the blue complex as Cr(S2PPh2 ) 3 . 
"[Mo(S2PPh2 )] "(purple form): [MO(CO)61(0.3g) and HS2PPh2 (i g, Ca. 3:1 
mole ratio) were refluxed for four hours in tetrahydrofuran (ca. 25 ml) 
to give a deep purple solution. This was filtered, concentrated and 
set aside and after 21 hours the resultant purple-black crystals were 
filtered off, rinsed with a little ether and air dried. Further product 
could be obtained from the filtrate by the careful addition of ether. The 
resulting brown precipitate was filtered off, washed with THF (which 
washes away the brown impudties) and ethr and air dried.(v(PS) 627(m), 
610(m), 601(m), 570(s), 552(s)) M 1165, 1300 (CHC1 3 ) [Mo(S2PPh2 ) 22 requires 
M=1192 . 
"[Mo(S2PPh2 )" (brown form): 	if the reaction was carried out in xylene, 
(ca. 20 nil) after ca. 20 minutes a red-brown crystalline precipitate had 
formed which was filtered off, washed and air dried. The IR spectrum was. 
identical to that of the purple form. 
0.3 g[W(CO)j and lg I-IS 2PPh2 were reflu.xed for 214 hours in 
degassed xylene and worked up as above to give a brown crystalline product. 
((PS) 627(m), 606(m), 570(s), 559(s, shoulder), 550(s) cm.-1 ). 
"IMO(S2j'{OEt}2)23n 
 it 	
was prepared by reflu.xing Mo(C0) 6 in benzene with 
excess (ca. 3:1 mole ratio) HS2P(OEt) 2 for six hours. The resulting 
purple-red solution was cone entratedinvacuo and degassed 40/60 petroleum 
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ether added. Vigorous passage of nitrogen to cool the resulting dark 
solution gave a dark precipitate which was filtered off, washed with light 
petroleum, dried by suction and stored under nitrogen. The complex gives 
purple solutions in organic solvents which turn green over a period of 
hours of air exposure (v(Ps) 6145(5)., 637(s), 628(m-s) (nujol)'); 
:s......oxo...bis_oxobis(0O_diethylphosphorothioIothionato)moiybdenum(V) was 
obtained by exposing the purple solution obtained from the reaction of 
[Mo(C0) 6} and HS2P(OEt)2  to air until no further colour change took place. 
The solution' was then placed on a dry silica column and eluted with 
benzene. The green band was extracted with CH 2C12 , the solution 
concentrated and light petroleum (b.p. 140-60°C) added to give a green 
solution which deposited green needle-like - crystals of the prOdüct 
overnight. These were filtered off, washed with light petroleum and 
dried by suction. MPS) 637(s) cm-1 ; cf. 'trans-IMO2O3(S2pOE1 2)1j, 
'(ps) 653(s) cm; v(Mo=0) was obscured by a S 2P(OEt) 2 vibration). 
Crystals of a size suitable for Crystallography were grown by 
dissolving some of the complex in CH2C12 , adding a large excess of 
80/100 petroleum ether and passing nitrogen slowly to remove the 
CH2C12 . The complex decomposed to a sticky solid over a period of 




















M 671 	(acetone) 





Ane1ttiae.l dátá for sOiñé molybdenum cOmrléxes 
Rired(%) 
II 	N 	Others 
dec 130 	21.2 	2.914 
dec 160 31.5 2.14 
dec 165 33.3 3.9 
dec 160 28.7 5.0 
dec 130 145.2 2.7 
h 30.5 5.1 7.1 30.5 14.9 
h 30.5 5.1 7.1 	Mo, 224.9 30.7 5.0 
h 37.3 6.2 6.2 	Mo, 21.7 37.6 5.9 
•h 37.3 6.2 6.2 	Mo, 21.8 37.3 6.2 
195 148.3 3.24 148.9 3.14 
118 23.8 4.9 22.7 14.8 
dec 140 14114 3.2 141.1 314 
Cpnpound 
[Mo2 (S2COEt)14] 
Imo 2(S2C0Et)j  .2Py 
[M02 (S2COEt)IJ . 2c-p±c. 
Imo 2 (S2C0Et) .2AsEt 3 




[Mo2(S2CN(iPr2))(SCN(iPr2)) 2S2  
[Mo(S2FPh2)2 nc 
Mo(S2PEt 2 ) 2 
(MO 2 (S2PPh2 ) 2 (OCOMe) 2} 
S, 37.6 
M 680 






7.1 	Mo, 25.2 
7.3 	Mo, 20.9, 21.3 
6.3 	Mo, 21.2 
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Table 3.* 5 (contd. 
ReQuired (%) Found (%) 
Copound xp( °C) C H 	 Others C H 	N 
[M0 o3(s2cNEt2)jd 2 S 28.8 1.8 	6.7 28.7 1.6 	6.7  
[M0ZO3(S2CN{i_Pr}2)lje 










" 	 fl[Mo(s2PPh2 ) 21 	" j 229 b8.3 3.I l8.6 3.6 
3.6' 
• 	h 20.6 4.3 19.8 14.2 
Prepared in MeOH. 
Prepared in EtOH. 
Prepared from [Mo(OAc) 2J 2+HS2PPh2 in benzene. 
From oxidation of "(Mo(S 2CNEt2 ) 2" see text. 
From oxidation of "Mo(S2CNCiPr2)2J2" see text,. 
From oxidation of " Mo(S2P10Et 2 ) 2 n" 
From[M(C0) 6]+ HS2PPh2 in THF. 
Inconveniently air sensitive. 
From. [Mo(C0) 6]+ HS2PPh2 in xylene 
From [M02(OCOMe) and NaS 2PEt2 in EtOH. 
Others 
P, 12.5 
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T&1é 3.6 
1HNMRspéátrááfS6in6 MO(II) xanthates 
pour 	 Solvent 	Rëbnances(T) 
[Mo2 (s2coft)1j 	 acetone-d6 	8.52 t (CH 3) 
5.33 q (CH 2 ) 
M02 (S2C0Et) 4)2Py 	 CDC1 	
8.51t t (CH 3) 
5.30 q (CH 
2 ) 
1.6I, 2.36, 2.80 all  (Py) 
[M02 (S2COEt)42( 1 -Pic) 	CDC13 	
8.54 t (CH 39 xanthate) 
7.71 s (CH 32 
 it-picoline) 
• 	 • 	5.30 q (CH 2 ) 
1.75, 3.0 m (I4-picoline) 
IMO 2 (S2C0Et)]2AsEt 3 	CDC1 • 	8.83 t (CH 31 AsEt 3 )13 - 
8.58 t (CH 35  xanthate) 
8.10 q. (CH 25 AsEt3) 
5.32 q (CH 2'  xanthate). 
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CHAPTER 14 
The Interaction of Rhodium(II) Acetate with some Dithio-acid Ligands 
INTRO1UCTION 
As mentioned earlier, Rh(Ii) chemistry- is not very extensive and 
relatively few monomeric species have been reported 11 . However, a fairly 
extensive chemistry involving diriücléar, diamagnetic Rh(Ii) species has 
evolved in the last 10 years. 
The carboxylates of Rh(II) have the Cu(II) acetate structure (see 
fig. 3.1) and can only be obtained crystalline when donor uganda are 
bonded to both ends of the Rh-Rh unit 133. The crystal structure 
166  of 
{Rh2 (OCoMe)jj.2MeoII (which was later shown by cotton et ai.' 6 to be 
rather inaccurate) showed a Rh-Rh bond length of ca. 2.145 
166 
(later 
value 167 2.39 ). Cotton etal.168  studied the related complex 
[1u12 (DMG) 13 .2PPh 3 (DMG = dimethyl glyoxime) which has the structure (I) 
with no bridging groups 
• ofl 
0 	 0 




0 0 = DMG 
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The Rh-Rh distance (which is slightly elongateddue to repulsive 
interactions) of 2.93 R was taken' to indicate a single bond by comparison 
with e.g. [rii6(co)16} (rRh_R 2 . 78 ). The Rh-Rh bond length in 
mi2(ocOMe)J2MeOH (2.39 ) must, therefore, mean a multiplicity of more 
than one for this bond . In fact this bond seems to be a triple bond, a 
suggestion which can be rationalised as follows: Rh(II) has a 
configuration and thus,four electrons are available from each Rh atom 
to fill the four bonding orbitals in the Rh-Rh bond (a, 21T, S; see page 
121). The previçusly mentioned semi-quantitative MO treatment of 
Cotton 
130,169  postulates that, in addition to the four bonding (and of 
course four antibonding) orbitals there are two essentially non-bonding 
orbitals (a(l), a(2); see ref. 169) into which two electrons from each 
Rh atom can be placed. The remaining pair of electrons has to go into 
the lowest (o) antibonding orbital giving a net bond order of three. 
There is probably a further lowering of the bond order below three due 
to the fact that the bridging carborlate groups constrain the filled 
orbitals (which will be essentially non-bonding) to remain in the eclipsed 
configuration giving rise to electron pair repulsions. The electron 
distribution is presented in fig. 14.1. The closely related [Ru2 (OCOR) 1JC1, 
which is an unusual example of a compound containing a high-spin, 
second-row element, has a very similar structure169.  Eleven electrons 
* 
are distributed among six bonding and one antibonding (S) orbitals, 
resulting in three unpaired electrons. -In this case the Cl ions act 
both as terminal groups and bridging groups to the next climeric unit. 
The small separation between the a(l), a(2) and 5 orbitals (which 
* A striking contrast is found 170  in the dinuclear Co(II) species 
[Co 2 (ocoPh)32(iso-guinoline) which has a Co-Co distance of 2.83 
which is the longest yet found in this type of compound and which 








A qualitative MO diagram for an M2X8 species of symmetry D14h. The 
electron distribution shown is that for [i 2 (0c0R) 14] (taken from ref. 169). 
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must be less than the élèctron pairing energy F; see Tablel.l, page 3) 
was put down to the interaction of the bridging Cl atom with the' non-
bonding orbitals (which are directed axially away from the Ru-Ru bond) 
thus raising their energy and producing a smaller separation. 
A Raman spectral study of some Rh(ii) carboxylates has been 
carried out138  and an intense band at Ca. 350 cm
-1  was assigned to 
v(RhRh). A lowering in v(RhBh) similar to that observed in the 
dinuclear Mo(II) carboxylates (q.v.) was observed as donor ligands 
were placed in the vacant sites (Table ILl). Unlike the Mo(II) 
carboxylates, [ih2 (0C0Me)ij forms relatively stable adducts with 
donors171 . The complexes 	 41 -[Rh 	.2L where L is halogen, 0-, 
171 N- or S-donor ligand have been prepared . The colour of the 
resulting complexes was related to the ligand L, 0-donors giving 
blue-green species, S-donors violet, N-donors red to pink and halogens 
green. 	- 
[ 2 0CoM1J may be -jrotonated by rn-complexing acids (e.g. HBF14 ) 
in' MeOH to give solutions of the Rh 2  ion 172 
(aqueous solutions of Rh 2 
were recently prepared from [rh(H2o) 5C1] 2 and Cr2 by Taubé'etal. 173 ). 
This ion, in the presence of CO and FFh 3 proved to be a useful catalyst 
for alkene hydrogenation172 . The reaction of Rh2 with a variety of 
ligands ( -S2CNR2 , S2P(OEt) 21  S2PPh2 ) and FF11 3 
gave a variety of cationic 
and neutral Rh(I) and Rh(Iii) species174,  but, in the absence of FF11 3 , which 
reduced the Rh2 to a Rh(I) species, only brown presumably polymeric species 
- were obtained 171 . In view of the facile replacement of the OCOMe group in 
[M02 (ocoMe) 1j with a variety of anionic ligand.s (q.v.) - with the retention of 
the Mo2 unit. it was decided to investigate the reactions of [F112 (OCOMe)] 
with anionic dithio-acid ligands. This short, final Chapter deals with a 
preliminary study of these reactions. 
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Táb1é.1 
Some Rh-Rh stretching frequencies in Rh(II) carboxylates 
* 
obtained by Raman Spectroscopy 




[Ih2 (ocoMe) j  351 
[I 2 (ocoMe) 1J .2MeOH 336 
[ 2 (0c0Me)iJ.2H20 320. 
• 	[ 2(0C0Me)] .2Me2SO 311 
[ 2 (0C0Me) 	.2PPh 3 289 
• 	[I 2(ocoEt) 37 
[Rh2 (ocoPh)1J .2PPh 3 288 
1 	Figures taken from ref. 169. 
* 	Exciting line Kr 5208 R. 
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RESULTS MID' DISCUSSION. 
.Reaction' with '.S2COEt 
On shaking with excess KS2COEt in cold MeOH solution, 11R12(OCOMe)41 
reacted to give a grass-green crystalline precipitate. The IR spectrum of 
this complex showed the presence of acetate (v(as) 1582(s), v(s) 1I15( s ) 
cm; A=167 cm) and S 2COEt (v(CO) 1188(s), v(CS) lO45(s) cm). The 
complex was sparingly soluble in MeOH but, surprisingly, quite soluble 
in H20. Addition of pyridine to a MeOH suspension gave the pinkish-red 
complex [i2 (OCoMe) 41 .2Py (identified by its IR spectrum). These 
observations, in addition to analytical results, suggested that the 
complex was K2 [Rh2(OCOMe)2S2COEt. Complexes of this type, with a 
uninegative anion occupying the end positions have been reported 17' 
e.g reaction of [Fii 2 (OCOMe) 4} with KNO2 gives [Ih2 (OcOMe) jj .2KNO2 ; the 
red colour of this compound was taken to mean N-bonded NO  ion. Alas, 
the colour of the S2COEt complex does not fit in with previous 
observations 171  relating end.-ligand L and colour; S-bonded ligands 
would be expected to give a violet compound. The small shift in v(CO) 
in' the S2COEt compound from those in [Ith 2 (OCOMe)J (v(as) 1589, v(s) 
11430 cm 1 ; A=159 cm 1 ) lent further support to the formulation given 
above. 
If the reaction mixture was warmed, however, the colour rapidly 
changed to dark brown. Addition of Ph 14AsC1 to this solution gave a 
red-brown precipitate. The lB spectrum of this species showed no 
acetate bands and only bands characteristic of S 2COEt (v(CO) 1228(vs), 
V(CS) 1039(m-s)) and Ph 14As.. The nature of this compound is at present 
uncertain. 
Reaction with'SOCPh 
In the cold, in MeOH solution, [Rh 2 (OCOMe) 14} reacts rapidly with 
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NH14SOCPh to give a very dark green crystalline precipitate. The lB 
spectrum of this complex showed'.acetáte v(as) .1586(s), v(s) 1 1425(s) cm', 
161 cm) and SOCPh (v(CO) j480(s), 'v(CS) 9I2(s) cm). In addition 
there were bands at ca. 3200(br), 1660(w-m) cm' which were assigned to 
v(NH) and S(NH) of NH. Thus the complex was formulated as (NH 4)2 
(Rh (ocoMe)] .2SOCPh; C, •H and N analyses agreed well with this 
formulation. 
When the reaction was carried out at higher temperature, the 
• [Ih2 (ocoMe)41 dissolved and the solution turned dark brown. A brown' 
ill-defined solid was precipitated on addition of Ph 1 AsCl.HCl but this 
system requires further study for clarification. 
•c) . Reaction with'. .S 2CNR2 .(R=Me, .Et,.i-Pr) 
On shaking in MeOH, 1Rh2(oc0Me)lJ and NaS 2CNR2 reacted, via a 
transient grass-green species, to give red brown precipitates. These 
were soluble in non-polar solvents and could be recrystallised from 
them as red-orange solids. The residue from this crystLlisation was 
a small amount of black solid which was probably Rh metal.,' The red-
orange species analysed exactly for [Rh(s 2cNR2 ) 3 and their lB spectra 
were in accordancewith this, there being no OCOMe bands. The transient 
green species was probably Na 2 [Rh2 (OCOMe)1j .2S2CNR2 by analogy with the 
previous reactions. The Rh metal would be the product of the 
disproportionation 
6Rh(II) 	- 	lRh(III) + 2Rh(0). 
These tris-dithiocarbainate complexes have been studied elsewhere 175 
The complexes with RMe, iPr have the expected H MAR spectrum but the 
S2CNEt2 complex is worthy of comment since it has four quartets in the 
CH  region due to inequivalence caused by slow rotation about the C—N 
bond 
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d)Reaction .with..S2PR2 . (RMe,Ph) 
There was no reaction in the coldbetweénNH 1 S2PPh2 (or NaS2PMe2 ) 
and [Rh 2 (000Me) 1 ] inMeOH, probably dueto the lower nucleophilicity of 
S2PR2 compared to S2COEt, etc. However, on refluxing with NH 1 S2PPh2 
in MeOH, the solution darkened rapidly and a red-brown precipitate 
formed: This compound had no acetate bands in its lB spectrum and 
bands at 620(w-m), 602(w-m), 570(s) cm in the PS stretching region 
which is indicative of bidentate S 2PPh2 co-ordination. Wilkinsonetal. 
noted that the reaction of Ph 	 with various dithio ligands gave 
insoluble, brown, presumably polymeric species so that this brown 
compound might be similar. It did not react with pyridine and could 
be reprecipitated unchanged from pyridine solution. The CH analysis 
was approximately correct for 11311(s 2 PPh 2) 21n. 
CONCLUSION 
[Rh 2 (ocoMe) j  has been shown to react with anionic thio-acid ligands 
but the lower stability of the Rh2 unit with respect to oxidation or 
reduction and cleavage of the Rh-Rh bond seems likely to restrict the 
synthetic utility of these reactions in making new dimeric Rh(II) 
complexes. 
EXPERIMENTAL 
Analyses for some of the Rh complexes are given in Table 4.2. Other 
details as before. [mi2 (ocoMe)J was made by the method of Wilkinson 
etal. 172  
.Di-potassium(-tetrakis(acetato)dirhodium(II) .bis(O-ethyldithiocarbonate) 
A suspension of 0.2 g{Rh2 (OCOMe)J and excess KS2COEt in MeOH were 
shaken for twenty minutes. The resulting grass-green precipitate was 
filtered off, washed with methanol and ether and dried by suction. The 
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complex slowly turned brown over a period of weeks in air. (v(as) 1582(s), 
'u(s) 1115(s), v(C0) 1188(s), v(CS) 1048(s) cm 1 ). 
• .Di-a onium(14-tefraids(acetatp)dirhOdium(II)) .bis-monothiobenzoate was 
prepared in exactly the same way from [Rh 2 (OCOMe )jJ and NHS0CPh as a 
dark blue-green crystalline solid (v(as) 1586(s), v(s) 11425(s), 'u(CO) 
1480(s), v(CS) 941(s) cm). 	Both this complex and the S2COEt adduct 
react with pyridine to give the red-purple [m12 (ocoMe)13.2r'y. 
.Reaction.of. .Rh2 (000Me)j. .with..S2CNR2 
0.2 g [Rh 2 (ocoMe)j was shaken in MeOH with excess of the 
appropriate Na salt. With RMe, ft the prOduct separated rapidly as 
red-brown solids which were filtered off, dried and recrystallised from 
CH2C12/60-80 ether as orange-yellow crystals. The complex with Ri-Pr 
required concentration of the MeOH solution to precipitate the product. 
All of the complexes analysed well for [Rh(S 2cNR2 ); a black residue 
of Rh metal was also obtained from this reaction. The .S 2CNMe2 complex 
crystallised as a 1:1 CH2C12 solvate ('H NNR and analytical evidence). 
Reaction with S 2PPh2 
(0.2 g) was refluxed with excess NHS 2PPh2 in 20 nil [ 2 (0C0Me))  
1e0H for one hour. A red-brown precipitate formed which was filtered 
off, washed with MeOH and ether and dried by suction. ((ps) 630(w), 





21.7 2.9 - 
314.9 3.9 3.8 
22.0 3.6 7.7 
32.8 5.7 8.1 
36.6 7.0 6.9 
147.0 3.6 
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Tb11.2 
.Aiyti1 data for some :Rh ccm1étes 
Reg4re 









































"[Rh(s2PPh2 ) 2J" 48.8 	3.4 
0 
1• 	
/ 	 f ) 
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'APPENDIX' I 
COüter'Propainsusédin the côursebf this wOrk 
1) 	SHAPE °rUNCTIQ. 
The basic program which simulated the changes in line shape and 
separation of the resonances due to protons in two non-coupled sites as 
the rate of exchange between the sites, or the population of the sites 
was varied was kindly supplied by Dr. R.K. Harris of the Atlas Computer 
Laboratory. This program, which was almost identical to the program due 
126  
to Nakagawa 	apart from the plotting routines, had a limitation insofar 
as it could only handle two singlets collapsing and growing up into one 
singlet. Since the system in question consisted of . a doublet of doublets 
(slow exchange limit) which collapsed and grew up into a single doublet 
(fast exchange limit) a modification was necessary. For the purpose of 
computation, the exchange process was considered to consist of n two- 
site exchanges where n is the multiplicity of the resonance being monitored 
(e.g. a doublet). The basic calculation yielded 300 values of frequency 
and intensity (x and Y values for the graph-plotting routine GRAPH 9). These 
values were then superimpOsed n times, with .a. suitably scaled shift 
(corresponding to the coupling constant of the multiplet) and weighting 
for intensity between each superimposition and the resulting multiplet 
plotted on the line printer as shown diagrammatically in fig. A.l. This 
process was carried out for a variety of lifetimes of the proton(s) in a 
given site, usually in decades (i.e. .0001 sec. -- .0009 sec., .001 sec. -3-
.009 sec., etc.) and nine plots printed simultaneously by the plotting 
routine GRAPH 9. A different symbol (*, @ etc.) was used for each graph. 
To extract data, the ratio a, (see fig. A.l) and the value w (width at 
half-height, duly scaled) were measured and the best fit was found between 
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APPENDIX I 
CoiutePiOgrainsüséd in the coürsé Of thi 'work 
1) 	SHAPE FUNCTION 
The basic program which simulated the changes in line shape and 
separation of the resonances due to protons in two non-coupled sites as 
the rate of exchange between the sites, or the population of the sites 
was varied was kindly supplied by Dr. R.K. Harris of the Atlas Computer 
Laboratory. This program, which was almost identical to the program due 
to Nakagawa126 apart from the plotting routines, had a limitation insofar 
as it could only handle two singlets collapsing and growing up into one 
singlet. Since the system in question consisted of a doublet of doublets 
(slow exchange limit) which collapsed and grew up into a single doublet 
(fast exchange lirit) a modification was necessary. For the purpose of 
computation, the exchange process was considered to consist of n two- 
site exchanges where n is the multiplicity of the resonance b'ing monited 
(e.g. a doublet). The basic calculation yielded 300 values of frequency 
and intensity (x and Y values for the graph-plotting routine GRAPH 9). These 
values were then superimposed n times, with a suitably scaled. 'hift 
(corresponding to the coupling constant of the multiplet) and weighting 
for intensity between each superimposition and the resulting multiplet 
plotted on the line printer as shown diagrammatically in fig. A.l. This 
process was carried out for a variety of lifetimes of the proton(s) in a 
given site, usually in decades (i.e. .0001 sec. - . 0009 sec., .001 sec. --
.009 sec., etc.) and nine plots printed simultaneously by the plotting 
routine GRAPH 9. A different symbol (*, @ etc.) was used for each graph. 
To extract data, the ratio a/b (see fig. A.l) and the value w (idth at 
half-height, duly scaled) were measured and the best fit was found between 
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Fig. A.1 
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these calculated values and the same parameters taken from the measured 
spectrum at a given temperature, giving the lifetime of the proton(s) in 
a given site at.that temperature ('t). From this, the rate of léavin& 
this site ) can be calculated and a plot of log (---) u 4 can be drawn TA 	 TA 
up (T=temperature of measurement of spectrum in °K) and from the slope 
and intercept of this Arrhenius plot (fitted by a Least Squares method) 
the activation parameters for the exchange process can be obtained. The 
program is listed below; GRAPH 9 (line 84) is an Edinburgh Regional 
Computing Centre Library subroutine and is not listed as it is 250 lines 
long. 
2) 	ISOC 
This program, kindly supplied by Professor F. Glockling, 
calculates all the possible combinations of the naturally occurring 
isotopes (weighted for their abundances) of given elements in a molecule 
and plots the resulting distribution of nominal masses as a histogram in 
the same sense as the output from the MS902 mass spectrometer (i.e. m/e 
increasing from right to left). A typical output is illustrated in 
fig. A.2. In addition to the histogram, ISOC prints a table of the 
exact mass and the abundance of each peak. The distribution shown 
is that of the parent ion of 
IMO 
2 (soCPh)J and is very characteristic 
of an Mo 2-containing ion since the contribution of the naturally 
occurring isotopes of C, H, 0 and S is negligible compared to that 
of the Mo isotopes. 
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SHAPE FUNCTION 





C - 	SHAPE FOR TWO NON-COUPLED SITES MODIFIED BY D F STEELE 
	
7 READ (5,1)xY,w,TI,TF,TT 
DO 33 1=1,9. 







1 	FORMAT (5Flo.o) 
READ (5,5)PI,PF,PP 
S=O 




























IF(S.GT.0)GO TO 91 
READ (5,101)NL,CP 
CNLNO OF LINES; CPCOUPLING BETWEEN TEEM IN HZ 
101 	FORMAT (12,Flo.o) 
READ(5,1o2 )(STR(I),I=1,NL) 
102 	FORMAT (10F5.0) 
S=1 
91 	CONTINUE 









IF(IST.GT .699)GO TO 23 
21 	CONTINUE 
GOTO21I 
.23 	WRITE (6,103)LY 
103 FORMAT (lX,'TOO MANY LINES OR CP TOO LARGE IN DATA SET' ,12 
1,'MAX NO OF LINES LIMITED TO 7/(J/XY)') 





IF(N..GT.9)GO TO 25 
IF(TI-TF)11,11,99 
99 	PIPI+PP 
IF(PI.LT.PF )GO TO 12 	. 
98 	READ (5,6)K 
6 FORMAT (79X,I1) 	 - 
181 	FORMAT (ix, 'DATA FOR GRAPH:-' , 2OX, 'NL' ,12 ,1OX, 'CP=' , F6 .2) 
182 FORMAT(1X, 'RELATIVE INTENSITIES OF LINES:-' ,1O(2X,F 14 .1,':')) 
WRITE (6,181)NL,cP 




13 	FORMAT (1H1,///2OX,12HME.A1'1 LIFE = F10.6,3X, 211T0,3X,F10.6, 
112HIN STEPS OF F10.6) 
16 	FORMAT (//19x,13HPOPULATION = F10.6,3X,2HTO,3X,F10.6,3X,12Hfl'I STEPS 
1OF F10.6)  
15 	FORMAT (//30x,28HcHEMICAL SHIFT DIFFERENCE = F1O. 1 ,//30X,21HNATtJRAL 
1 LINE WIDTH = F10.14) 	 .. 	 . 
25 	STOP 	 S 
MW 
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APPENDIX II 
The X-ray crystallographic study on .PhAs[Pt(S2COEt) 3} 
Acknow1edient 
The following work was, carried out almost entirely by 
Dr. John Owen and Mr. Malcolm Burren of this department. 
Preamble 
The complex Ph4AsfPt(S2COEt)3J  was of interest as it is analogous 
to RN" [Ni(S2COEt) 	101] whichis six-co-ordinate. It is almost certain 
that the Pt complex is four-cO-ordinate in solution (see Chapter 2) but the 
possibility of six-co-ordination in the solid state made a structural 
investigation worthwhile since six-co-ordination is rare in Pt(ii) 
chemistry. 
EXPERIMENTAL 
Yellow, needle-like crystals were grown by dissolving ca. 0.2 g of 
the complex in 20 ml MeOH and adding 20 ml ft2 . Crystals were harvested 
after 1 day. 
Crystal _Data - ftS603AsC33H35 , M9I1.37, Monoclinic, a9.95, b14.26, 
c=25.82 R, 899.3° , V3615.37 	p=l.695 g cm-3 (by flotation), 
g cm-3 (z='), CuKa radiation, X=l.51118 R. A crystal of 
dimensions .097mm x .2 14 mmX.88 mm was selected for the investigation 
and was mounted about the needle axis. Weissenberg photographs were used 
to determine the space group from systematic absences as P2
1  /C 
(Ch No.114). 
Zero-layer intensity data were used to generate a Patterson map from which 
vectors corresponding to Pt-Pt, Pt-As and As-As were obtained and these 
heavy atoms were located, Pt at .3661,y1 , . 0995 and As at -.0005, y21 
.1563 (R=30.6%). A difference Fourier synthesis (hol projection) showed 
- 175 - 
in the' regionof eight peaks about 2.5 R from the'Pt atombut no useful 
conclusions could' be reached' regarding the' co-ordination about the Pt. 
Upper layer' intensity data is at present being collected in order to 
perform a 3-dimensional Fourier' synthesis to locate all the' heavy atoms 
accurately. (Pt, S and As). After two or three weeks, the crystals 
very rapidly become disordered and show no diffraction pattern although 
there appears to be no change in the pattern up to this time.' A good 
explanation is lacking for this phenomenon. 
- 176 - 
REFERENCES 
a) R.D. Gillard, G.Wilkinson, J. Chem. Soc., 1964, 1224. 
b) M. Aresta, M. Rossi, A. Sacco, Inorg. Chim. Acta., 3, 
227 (1969). 
G.M. Intille, Inorg. Chem., 11, 695 (1972) and references 
therein. 
R.D. Gillard, J.A. Osborn, G. Wilkinson, J. Chem.. Soc., 1965, 
1951. 
1. 	J.E. Fergusson, J.D. Karran, S. Seevaratnain, J. Chem. Soc., 
1965, 2627. 
B.F.G. Johnson, R.A. Walton, Spectrochini. Acta., 22, 853 (1966). 
A.T. Brault, E.M. Thorsteinson, F. Basolo, Inorg. Chain., 3, 
770 (1964). 
A. Sacco, R. Ugo, A. Moles, J. Chem. Soc. (A), 1966, 1670. 
C. Masters, W.S.McDonald, B.L. Shaw, Chem. Soininun., 1971, 210. 
C. Masters, B.L. Shaw, J. Chem. Soc. (A), 1971, 3679. 
9.1 	J. Chatt, G.J. Leigh, A.P. Storace, D.A. Squire, B.J. Starkey, 
J. Chem. Soc. (A), 1971, 899. 
M.A.Bennett, P.A. Longstaff, J. Amer. Chem. Soc., 91, 6266 (1969). 
F.A. Cotton, G. Wilkinson, "Advanced Inorganic Chemistry", 3rd 
Edition (Wiley-Interscience, 1972). 
1.1. Chernyaev, E.V. Shenderetskaya, A.G. Naiorova, A.A. Koryagina, 
Russ. J. Inorg. Chem., U, 1383 (1969). 
L.A. Nazarova, I.I. Chernyaev, A.S. Mozorova, ibid. 1387. 
W.P. Griffith, "Chemistry of the Rarer Platinum Metals", (Wiley-
Interscience, 1967). 
- 177 - 
114. W. Hieber, H. Lagally, Z. Anorg. Chem., 251, 	98. (19 14 3). 
15. J. Powell, B.L. 	Shaw, J. Chem. Soc. 	(A), 1968, 211. 
L.F. Dahl, C. Martell, D.L. Wampler, J. Amer. Chem. Soc. 9 83, 
1761 (1961). 
B.F.G. Johnson, J. Lewis, P.W. Robinson, J.R. Miller, J. Chem. 
Soc. (A), 1969, 2693. 
D.N. Lawson, G. Wilkinson, J. Chem. Soc., 1965, 1900. 
L.M. Vallarino, J. Chem. Soc., 1957, 2287. 
L.M. Vallarino, Inorg. Chem. - 	161 (1965). 
E.O. Fischer, K. Bittler, Z. Naturforsch,16b, 225 (1961). 
E.W. Abel, M.A. Bennett, G. Wilkinson, J. Chem. Soc., 1959, 3178. 
J. Chatt, L.M. Venanzi,ibid. 1957, 14735. 
R. Cramer, Inorg. Chem., .L, 722 (1962). 
214. 	J.A. Osborn, F.H. Jardine, J.F. Young, G. Wilkinson, J. Chem. 
Soc. (A), 1966, 1711. 
D.D. Lehman, D.F. Shriver, I. Wharf, Chem. Comm., 1970, 11486. 
D.R. Eaton, S.R. Stuart, J. Amer. Chem. Soc.'- - 90, 14170 (1968). 
H. Arai, J. Halpern, Chem. Comm., 1971, 1571. 
S. S. Bath, L. Vaska, J. Amer. Chem. Soc.,85, 3500 (1963). 
see also N. Ahmad, S.D. Robinson, M.F. Uttley, J. Chem. Soc. 
(Dalton), 1972, 8143 for an improved synthesis. 
S. J. LaPlaca,J.A.Ibers, Acta. Cryst.,18, 511 (1965). 
D. Evans, G. Yagupsky, G. Wilkinson, J. Chem. Soc. (A), 1968, 
2660 and references therein. 
J.P. Collinan, F. Vastine, W.R. Roper, J. Amer. Chem. Soc.,90, 
2282 (1968). 
G. Yagupsky, C.K. Brown, G.-Wilkinson, J. Chem. Soc. (A), 1970, 
1392 and references therein. 
- 	-178- 
	
33. 	a) D.I. Hall, R. Nyhoim, J. Chem. Soc. (Dalton), 1912, 801. 
b) C. Nave, M.R. Truter, Chem. Comm., 1971, 1253. 
see also W.O. Siegi, S.J. Lapporte, J.P. Coliman, Inorg. Chem., 
• 10, 2158 (1971). 
P.R. Brookes, J. Org . Cheni., 11.2, 11.59 (1972). 
31. 	T.E. Nappier, D.W. Meek, J. Amer. Chem. Soc.,, 306 (1972). 
35, 	This subject has been extensively reviewed: 
e.g. 	a) L. Vaska, Ace. Chem. Res., 1, 335 (1968). 
J.P. Collman,'ibid., 136 (1968). 
J.P. Collman, W.R. Roper, Adv. Organometal. Chem., 
7, 511. (1968). 
J. Halpern, Ace. Chem. Res., 3,386 (1970). 
- 	36.. 	J. Chatt, J.M. Davidson, J. Chem. Soc., 1965, 811.3. 
37. 	J.B.R. Dunn, J. Jacobs, C.J. Fritchie, jr., J. Chem. Soc. 
(Dalton), 1972, 2007. 
 J.A. MeGinnety, J.A. Ibers, Chem. Comm., 1968..235. 
 P.B. Chock, J. Halpern; J. Amer. Chem. Soc.,88, 3511 (1966). 
11.0. I.C. Douek, G. Wilkinson, J. 	Chem. 	Soc. 	(A), 1969,  26011.. 
 J.P. Coliman, C.T. 	Sears, jr., Inorg. Chem., 7, 27 (1968). 
 J.M. Jenkins, B.L. Shaw, J. Chem. Soc., 1965, 6789. 
13. M.A. Bennett , R.J.H. Clark, D.L. Milner, Inorg. Chem., 6, 
16117 (1967). 
11. 11.. 	M.C. Baird, J.T. Mague, J.A. Osborn, G. Wilkinson, J. Chem. 
Soc. (A), 1967, 1311.7. 
11.5. R.F. Heck, J. Amer. Chem. Soc. - 86, 2796 	(19611.). 
116. D. Forster, Inorg.Chem.,11, 473 (1972). 
- 179 - 
b7. 	a) D. Forster, personal communication. 
F.E. PauJ.ik, J.F. Roth, Chem. Comm., 1968, 1578. 
 
18. 	F. Bonati, G. Wilkinson, J. Chem. Soc., 1964, 3156. 
119. 	D.N. Lawson, J.A. Osborn, G. Wilkinson, J. Chem. Soc. (A), 
1966, 1733. 
P.G.H. Troughton, A.C. Skapski, Chem. Comm., 1968, 575. 
A.J. Deeming, B.L. Shaw, J. Chem. Soc. (A), 1969, 597. 
a) C. White, D.S. Gill, J.W. Kang, H.B. Lee, P.M. Maitlis, 
Chem.-Comm., 1971, 7311. 
b) M.R. Churchill, S. Wei-Yang Ni, J. Amer. Chem. Soc., 
2150 (1973). 
 M.J. Bennett,P.B. Donaldson, J. Amer. Chem. Soc., 93, 3307(1971). 
 F. Maspero, E. Perrotti, F. Simonetti, J. Org . Chem.,°38, C143. 
 L. Vaska, R.E. Rhodes, J. Amer. Chem. Soc.,87,11970 (1965). 
 J.A. Labinger, R.J. Braus, D. Dolphin, J.A. Osborn, Chem. Comm., 
1970, 612. 
R.G. Pearson, W.R. Muir, J. Amer. Chem. Soc.,92, 5519 (1970). 
78. 	F.R. Jensen, B. Knickel, J. Amer. Chem. Soc.,, 6339 (1971). 
J.S. Bradley, D.E. Connor, D. Dolphin, J.A. Ibinger, J.A. Osborn, 
J. Amer. Chem. Soc.,9 )4 , 11013 (1972). 
P. Uguagliati, G. Deganello, L. Busetto, U. Befluco, Inorg. Chem., 
8, 1625 (1969). 
G. Deganello, P. Uguagliati, B. Crociani, U. Bel luco, J. Chem. Soc. 
(A), 1969, 2726. 
P. Uguagliati, A. Palazzi, G. Deganello, U. Belluco, Inorg. Chem., 
, 724 (1970). 
63. 	L. Busetto, G. Carturan, A. Palazzi, U. Befluco, J. Chem. Soc. 
(A), 1970, 14211. 
611. 	- R.W. Baker, B. Ilmaler, 	P. Pauling, R.S. Nyholm, Chem. Comm., 
1970, 1077. 
R.W. Baker, P. Pauling, Chem. Comm., 1969, 11495. 
F.H. Allen, G. Chang,.IC.K. Cheung, T.F. Lai, L.M. Lee, 
A. Pidcock, Chem. Comm., 1970, 1297. 
W. Strohmeier, W. Rehder-Sternwiss, G. Reischig, J. Org . Chem., 
27 9 393 (1971). 
M.A. Bennett,R.J.H. Clark, D.L. Milner, Inorg. Chem., 6, 
16117 (1967). 
J. Gallay, D. de Montauzon, R. Poilblanc, J. Org . Chem., 38, 
179 (1972). 
J.F. Nixon, J.R. Swain, J. Chem. Soc. (Dalton), 1972, 101411. 
L.D. Rollman, Inorg. ahim. Acta., 6, 137 (1972). 
For detailed discussion, see T.A. Stephenson, S.M. Morehouse, 
A.R. Powell, J.P. Heffer, G. Wilkinson, J. Chem. Soc.,.1965, 3632. 
G. Csontos, B. Hell, L. Marko, J. Org . Chem. ','37, 183. (1972). 
D.E. Morris, H.B. Tinker, J. Org . Chein.,, C53 (1973). 
H.B. Tinker, D.E. Morris, J. Org . Chem., 52, C55 (1973). 
R. Ugo, F. Bonati, S. Cenini, Inorg.•Chim. Acta., 3, 220 (1969). 
W. Hieber, V. Frey, Chem. Ber., 22, 26111 (1966). 
A.D. Westland, J. Chem. Soc., 1965, 3060. 
M.A. Jennings, A. Wojcicki, Inorg. Chem., 6, 185 14 (1967). 
. B.M. Gatehouse, A.E. Coriyns, J. Chem. Soc., 1958, 3965. 
N.J. de Stefano, J.L. Burmeister, Inorg. Chem.,10, 998 (1971). 
K.C. Dewhurst, W. Keim, C.A. Reilly, Inorg. Chein., 7, 546 (1968). 
- 181 - 
83. 	J.P. Fackler, - jr., J.A. Fetchin, J. Mayhew, W.C. Seidel, 
T.J. Swift, M.. Weeks, J. Amer. Chem. Soc., 91, 19141 (1969). 
814. 	J.P. Fackler, jr., Inorg. Chem., 9, 2625  (1970). 
see L. Maier, "Progress in Inorganic Chemistry" (ed. F.A. Cotton), 
vol. 5, p.129 (Interscience, 1963). 
F. Faraone, C. Ferrara, E. Rotondo, J. Org . Chem.,- 33, 221 (1971). 
D.M. Barlex, M.J. Hacker, R.D.W. Keirnnitt, J. Org . Chem., 143, 
1425 (1972). 
H.G. Schuster-Woldan, F. Basolo, J. Amer. Chem. Soc.,88, 
1657 (1966). 
P.R. Brookes, B.L. Shaw, J. Chem. Soc. (A), 1967, 1079. 
E.L. Muetterties, Acc. Chem. Res., 3, (1970), pp.270 ff. and 
references therein. 
A.J. Hart Davis, W.A.G. Graham, Inorg. Chem. j, 2658 (1970). 
. 	J. Chatt, R.G. Wilkins, J. Chem. Soc., 1953, 70. 
B.F.G. Johnson, .1. Lewis, P.W. Robinson, J. Chem. Soc. (A), 
1970, 1100. 
914. 	Yu. S. Varshavskii, T.G. Cherkasova, N.A. Buzina, Russ.. J. 
Inorg. Chem., 17, 1150 (1972). 
D. Forster, Inorg. Chem., 8,2556 (1969). 
R.D. Cramer, E.L. Jenner, R.V. Lindsey, U.G. Stolberg, 
J. Amer. Chem. Soc. - 85, 1691 (1963). 
J.G. Hartley, L.M. Venanzi, D.C. Goodall, J. Chem. Soc., 
1963, 3930. 
L. Cattalini, "Progress in Inorganic Chemistry" (ed. 
J.O. Edwards), vol. 13, p.263 (Wiley-Interscience, 1969). 
a) D. Coucouvanis, "Progress in Inorganic Chemistry" (ed. 
S.J. Lippard.), vol. 11, p.233 (Wiley-Interscience, 1970) 
(a review on S2CR I S2CNR2 and S2COR complexes). 
- 182 
b) W. Kchen, H. Hertel, Ang. Chem. mt. Ed.' 	89 (1969) 
(a review on Th2PR2 complexes). 
a) R. Eisenberg, ibid., vol. 12, p.295 (1970). 
b) R.H..Holm, M.J. O'Connor, ibid., vol. 114, p.2141 (1971) 
and references therein. 
D. Coucouvanis, J.P. Fackler, jr., Inorg. Chem., 6, 20147 (1967). 
N. Yoon, M.J. Incorvia, J.I. Zink, Chem. Comm., 1972, 1499. 
B. Ripan, C. Mirel, D. Lupi, Rev. Bourn. Chim., 13, 303 (1968) 
(Chem. Abs.,70, 151422). 
1014. 	L. Malatesta, R. Pizzotti, Gazz. Chim. Ital., 76, 167 (19146). 
L. Malatesta,ibid.,fl, 509 (19147). 
E.G. Cavell, W. Byers, E.D. Day, Inorg. Chem. 10, 2710 (1971). 
K. Diemert, W. Id.chen,.Ang. Chem. mt. Ed.,10, 508 (1971). 
E.G. Cavell, W. Byers, E.D. Day, P.M. Watkins, Inorg. Chem., 
11, 1598 (1972). 
W. Kchen, J. Metten, A. Jadat, Chem-Ber., 97. 2306 (19614). 
P. Porta, A. Sgamellotti, N. Vinciguerra, Inorg. Chem., 7, 
2625 (1968). 
P. Porta, A. Sgamellotti, N. Vinciguerra, Inorg. Cliem., 10, 
541 (1971). 
J.P. Fackler, jr., W.C. Seidel, J.A. Fetchin, J. Amer. Chem. 
Soc., 29 2707 (1968). 
J.P. Fackler, jr., J.A. Fetchin, W.C. Seidel, J. Amer. Chem. 
Soc.,, 1217 (1969). 
J.P. Fackler, jr., W.C. Seidel, Inorg. Chem.* 	1631 (1969). 
1114. 	T.A. Stephenson, B. D. Faithful, J. Chem. Soc. (A), 1970,  15014. 
115. 	(Ms.) J.M.C. Alison, T.A. Stephenson, J. Chem. Soc. (A), 1971, 
3690. 
- 183 - 
(Ms.) J.M.C. Alison, Ph.D. Thesis, University of Edinburgh, 1973. 
(Ms.) J.M.C. Alison, personal communication. 
(Ms.) J.M.C. Alison,T.A. Stephenson, J. Chem. Soc. (A), 1973, 251. 
see A.Y. Girgis, R.C. Fay, J. Amer. Chem. Soc., 92, 7061(1970). 
L. Malatesta, M. Angoletta, J. Chem. Soc., 1961, 1186. 
D.A. Couch, S.D. Robinson, Chem. Comm., 1971, 1508. 
R.R. Schrock, J.A. Osborn, Inorg. Chem., 9, 2339(1970). 
L.M. Haines, Inorg. Cheni.,10, 1685 (1971). 
J.J. Hough, E. Singleton, Chem. Comm., 1972, 371. 
H.C. Clark, K.R. Dixon, J. Amer. Chem. Soc..''-91, 596 (1969). 
H.C. Clark, J.D. Ruddick, Inorg. Chem., j, 1226 (1970). 
R.J. Haines, A.L. du Preez, J. Chem. Soc. (Dalton), 1972, 91414. 
1214. 	D.J. Cole-Hamilton, P.W. Armit, personal communication. 
F.N. Tebbe, E.L. Muetterties, Inorg. Chem., 9, 629 (1970. 
T. Nakagawa, Bull. Chem. Soc. Japan 3.2., 1006 (1966). 
 L. Malatesta, M. Angoletta, J. Chem. Soc., 196., 1186. 
 P.L. Maxfield, INCL, 6, 693 (1970). 
 C.W. Watt, B.J. McCormick, J. Inorg. Nucl. Chem., 27, 898 (1965). 
 F.A. Cotton, Ace. Chem. Res., 2, 	2140 (1969). 
F.A.Cotton, Rev. Pure Appi. Chem.,17, 25 (1967). 
T.A. Stephenson, E. Bannister, G. Wilkinson, J. Chem. Soc., 
1964, 2538. 
D. Layton, R. Mason, J. Amer. Chem. Soc., 87, 921 (1965). 
F.A. Cotton, J.G. Norman, J. Amer. Chem. Soc., 914, 5697 (1972). 
1314. 	C. Oldham, "Progress in Inorganic Chemistry" (ed. F.A. Cotton), 
vol. 10, p.223 if. (Wiley-Interscience, 1968) review on metal 
carboxylates. 
135. 	J.N. Van Niekerk, F.R.L. Schoenig, Acta. Cryst., 6, 227 (1953). 
- 1814 - 
 J.V. Brencic, F.A. Cotton, Inorg. Chem.*  (1967). 
 F.A. Cotton, C.B. Harris, Inorg. Chem., 14, 330 	(196 14). 
 A.P. Ketteringham, C. Oldham, J. Chem. Soc. (Dalton), 1973, 
1067. 
C.L. Angell, F.A. Cotton, B.A. Frenz, T.R. Webb, Chem. Comm., 
1973, 399. 
1140. 	J. San Filippo, jr., Inorg. Chem., fl, 31140 (1972). 
1141, 	see G.B. Allison, I. R. Sanderson, J.C. Sheldon, Aust. J. 
Chem., 20, 869 (1967)  and references therein. 
142. 	G.B. Allison, I.R. Sanderson, J.C. Sheldon, Aust. J. Chem., 
22, 1091 (1969). 
1143. 	M.J.Bennett-, J.V. Brencic, F.A. Cotton, Inorg. Chem., 8, 
io6o (1969). 	- 
11111. 	R. Saillant, R.B. Jackson, W.E. Streib, K. Folting, 
R.A.D. Wentworth, Inorg. Chem. 10, 11153  (1971). 
hiS. 	F.A. Cotton, D.A. Ucko,  Inorg. Chirn. Acta., 6, 161 (1972).. 
1146. 	G. Faraone, V. Ricevuto, R. Romeo, M. Trozzi, Inorg. Chem., 
8, 2207 (1969). 
hiT. 	R.N. Jowitt, P.C.H. Mitchell, J. Chem. Soc. (A), 1970, 1702 
an4 references therein. 
148. 	A.B. Blake, F.A. Cotton, J.S. Wood, J. Amer. Chem. Soc.,86, 
30211 (196 14). 
1149. 	F.W. Moore, M.L. Larson, Inorg.Chezn., 6, 998(1967). 
F.A. Cotton, R.M. Wing, Inorg. Chem., 14,  867 (1965). 
R.N. Jowitt, P.C.H. Mitchell, J. Chem. Soc. (A), 1969, 2632. 
L.F. Lindoy, S.E. Livingstone, T.N. Lockyer, Aust. J. Them., 
18, 15119 (1965). 
B. Colton, I.B. Tomkins, Aust. J. Chein., 19, 1143 (1966). 
- 185 - 
1514. 	R. ..Colton, G.E. Scollary, I.B. Tomkins, Aust. J. Chein., 21, 
11427 (1968). 
R. Colton, G.E. Scollary, I.B. Tomkins ibid., 2115. 
R. Colton, G.G. Rose, Aust. J. Chem., 23, 1111 (1970). 
B. Davis, M.N.S. Hill, C.E. Holloway, B.F.G. Johnson, 
K.H. Al-Obaidi,J. Chem.Soc. (A), 1971, 9914  and references 
therein. 
J.M. Burke, J.P. Fackler, jr., Inorg. Chern.,'U, 3000 (1972), 
ref. 39 therein. 
G.A. Melson, P.T. Greene, R.F. Bryan, Inorg. Chem., 2 1116 
see V.V. Savant, J. Gopalakrishnan, C.C. Patel, Inorg. Chem., 
, 714 (1970). 
G.A. Melson, N.P. Crawford, B.J. Geddes Ibid., 1123. 
L. Ricard, J. Estienne, R. Weiss, Chem. Comm., 1972, 906. 
R.M. Golding, P.C. Healy, P.W.G. Newman, E. Si;im, A.H. White s 
Inorg. Chem. '11, 21435 (1972). 
W.A. Higgins, D.W. Vogel, W.G. Craig, J. Amer. Chem. Soc., 
• '77, 1 .864 (1955). 
E.G. Cavell, W. Byers, E.D. Day, Inorg. Chem.,—LO 2710 (1971). 
1614. 	T.A. Stephenson, D. Whittaker, INCL, 5, 569 (1969). 
R.N. Jowitt, P.C.H. Mitchell, INCL 	, 39 (1968). 
M.A. Porai-ICoshits, A.S. Antsyshkira, Dokl. Akad. Nauk. SSSR, 
• 1142, 1.102 (1962). 
F.A. Cotton, B.G. de Boer, M.D. Laprade, J.R. Pipal, D.A. Ucko, 
J. Amer. Chem. Soc., 92, 2926 (1970). 
K.G. Caulton, F.A. Cotton, J. Amer. Chem. Soc.,'91, 6517 (1969). 
M.J. Bennett, K.G. Caulton, F.A. Cotton, Inorg. Chem., 8, 1 
(1969). 
J. Drew, M.B. Hursthouse,P. Thornton,A.J. Welch, Chem. Comm., 
1973, 52. 
L.A. Nazarova, I.I. Chernyaev, A.S. Morozova, Russ. J. Inorg. 
Chein., 11, 1387 (1967) and references therein. 
P. Legzdins, R.W. Mitchell, G.L. Rexnpel, J.D. Ruddick, 
G. Wilkinson, J. Chem. Soc. (A), 1970, 3322. 
F. Maspero, H. Taube, J. Amer. Chem. Soc., 	, 7361 (1968). 
R.W. Mitchell, J.D. Ruddick, G. Wilkinson, J. Chem. Soc. (A), 
1971, 3224. 
F.A. Cotton, J. McCleverty, Inorg. Cheni., 3,1398 (1964). 
R.G. Cavell, A.R. Sanger, Inorg. Chem. U, 2011 (1972). 
A. Mueller, V.V.K. Rao, F. Diexnann, Chem. Ber., 104, 461 (1971). 
L. Dubicki, R.L. Martin, Aust. J. Chem. 22, 1571. 
F.A. Cotton, M. Jeremic, Synthesis in Inorganic and Metal- 




\' OXFORD NEW YORK LONDON PARIS 
INORG. NUCL. CHEM. LETTERS Vol. 7, pp. 877-879, 1971. Pergamon Press. Printed in Great Britain. 
SYdTHESIS OF HIXED LIG AND CARBONYL COI4PLEXES 
OF RHODl[Di(I) AND RHODIUM(III) 
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Recently, the reaction of [RhCl(CO).] 2 with triohenyiphosphine (1:2 
mole iatio) to give the complex trans-{RhC1(CO) 2 (PPh3 )1(Ia) has been reported 
(i). 	Farther papers have discussed oxidative addition reactions of Ia (2,3). 
reaction wh electronegative olefins (12) and with various bidentate uganda 
(1,1). 	However, in a very recent communication (5), this compound has been 
reformulated as the binuclear inonocarbonyl complex [RhCl(Co)(PPh 3 )] 2  (Ib). 
In this note, further evidence supporting the dimeric structure is presented 
and the synthesis and reactions of the mixed ligand complexes trans[}thC1(CO) 




I 	V NV 
Rh 	I I Rh Rh 
/ I 	I 
Cl 	CO 	
LOC 	Cl 	PPL3 
(Ia) 	 (Ib) 
Treatment of benzene or dichloromethame solutions of I with an excess of 
L , followed by concentration and precipitation with pentane gave good yields 
of the mixed ligand complexes II. 	These complexes have been characterised by 
elemental analyses (e.g. for [FhCl(CO)(PPh 5 )(AsPh3 )j; Found: C, 60.4; H, 2 .1; 
As, 9.7; 0, 2.2 C37H30 AsC10PRh requires C, 60.5; II, 4. 1, As, 10.2; 0, 2.2) 
and infrared spectra which confirms the presence of both PPh3 and L'. 	Thin 
877 
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layer chromatography on II (L'= Affl'-h ) reveals that this is not an equisolar 
mixture of [RhCl(C0)(PPh3 ) 2 ] and [RhCl(C0)(AnPhg )2 J. 	In fact, this compound 
can be recrystallised from an acetone/dichloromethane solution (unlike the 
SbPh3 and C 5H5N compounds, which readily decompose) and an osmometric molecular 
weight determination (in CHC1 3 ) confirms its monomeric formulation (found 737; 
required 734.). 	The trans configuration of II is assigned on the basis of the 
similarity of the positions of both' 0 (ca 1960cm-1 ) and VRhC1 (Ea 310cm 1 ) 
to those found for trans- [RhCl(C 0 )(PPh3)21 (6,7). 
As expected.the chemistry of the mixed complexes is analogous to that 
established for trans-{RhCl(C0)(PPh 3 ) 2 ]. 	Thus II (L' = .AsPh3 ) readily under- 
goes oxidative addition reactions to give the rhodium(III) compounds 
[RhC1XY(C0)(PPh3 )(AsPh3 )] (XY = Cl,, 1, CH3 COC1, CH3 I etc.). 	With CH3 I, 
the infrared spectrum shows the acetyl complex [RhCl1(CHC0)(PPh3 )(APh3 )] 
(V 0  1718 cnr') is also .formed. 
Further evidence for the revised formulation of "trans-[RhC1(C0) 2 PPh3 ]" 
is as follows:- 
I is a dimer measured osmometrically in chloroform (found 865; calc 857). 
A similar result is found in benzene (5). 
Reaction of I with AsPh3 or PPh5 gives negligable amounts of carbon 
monoxide (mass spectral evidence) and this supports structure lb. 
Reaction of I with carbon monoxide in either benzene or dichloromethane 
gives a complex with two'V0  at 2010cm-' and 2090cm7'. Removing the solvent 
or simply bubbling nitrogen through the solution regenerates I (V co  1980cm'). 
This behaviour is identical to that observed in toluene (5) and attributed to 
the equilibrium:- 
-2C0 
2 cis-[RbCl(CO)2(PPh)] 	co' hcl0)(H' )1 
Belluco et al (1) support their formulation of the compound asla on the 
observed position of 'YRhCl (295cm1), which is in agreement with a chloride 
trans to a tertiary arylphosphine in a rhodium(I) complex (7). 	However, 
since 't/ RhCl is assigned at 284., 272 cm' and 303cm in the bridged chloro 
0 
Vol. 7, No. 9 	 MIXED LIGAND CARBONYL COMPLEXES 	 879 
compounds [RhC1(CO) 2 1 2  and [RhCi(PPh3 )2 ] 2  respectively (7), it ic reasonable 
to expect that VRhC1 will occur for the mixed &ier [RhCl(C0)(PPh)] 2 in the 
region 285-295cm. 
e) Pirially, the product from the reaction of I with C1 2 (previously formulated 
as the d.icarbonyl monomer [RhC1 3 (C0)2 (PPh3 )J 2111cm) (2)), reacts with 
AsPh3 without evolution of carbon monoxide, to give [RhC13(C0)(PPh3)(AsPh3)1 
'C0 2102cm). 	Therefore, it is suggested that the rhodium(III) Iicarbonyl 
compounds, reported in reference 2 should be reformulated as the binuclear 
rhodium(III) monocarbonyl complexes [RhC1XY(Co)(PPh3 )]2. 
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Mixed Ligand Carbonyl Complexes of Rhodium(i) and Rhodium(iii)' 
By D. F. Steele and T. A. Stephenson,' Department of Chemistry, University of Edinburgh, Edinburgh EH9 3JJ 
Evidence is presented which suggests that the compounds trans-[RhX(CO) 2 PPh3] (Ia) (X = Cl. Br. I), made from 
[RhCI(CO) 21 2  and triphenylphosphine (1:2 molar ratio), should be reformulated as the dimeric complexes trans-
[RhXCOPPh3 ] 2  (Tb). Similar compounds with X = SCN.00OMe are also described. Detailed i.r. solution 
studies of the preparative reaction for X = Cl are interpreted in terms of the initial formation of a labile intermediate 
c/s- [RhCI(C0)2PPh3]. (III) (n probably 2), followed by partial decarbonylation and isolation of (Tb) and a small 
amountofc/s - [RhCl(CO)PPh3]2 (Ic). The compounds (Tb) undergo bridge cleavage reactionswith various Lewis 
bases, giving [RhX(C0)(PPh 3 )L] (L = PPh 3.PMePh 2 . P(C 6 H 11 ) 3, AsPh 3 , SbPh 3 , C 5 H 6 N. Me2 S. etc.). With 
SbPh3 , the five-co-ordinate complex [RhCI(CO)PPh 3 (SbPh 3 ) 2] is also formed. The 1 H n.m.r. of [RhCl(CO)-
(PPh 3 )(PMePh 2 )] shows only a singlet for the methyl resonance, indicative of easy phosphine exchange in a 
strongly coupled PP' complex. As expected. [RhCI(C0)(PPh 3)(AsPh 3 )] readily undergoes oxidative addition 
reactions, giving [RhCIYZCO(PPh 3 )(AsPh 3)] (YZ = C1 2 . 12,  CH 3 I). The latter product is in equilibrium with its 
acyl isomer [RhCII(COCH 3)(PPh 3 )(AsPh 3)]05CH 3 I. However, pure [RhCII(CH 3 )(C0)(PPh 3)(AsPh 3)] can be 
synthesised by reaction of the acyl—alkyl mixture [RhCll(CH 3 )(CO)PPh 3 ] 2 (IV) and [RhCII(COCH 3 )PPh3] 2 (V) 
(previously formulated as the single compound [RhCll (CO) (COCH 3 )PPh 3]) with AsPh 3. Similarly. [RhCll (CH 3)-
(CO)PPh 3 L] (L = PPh 3 or SbPh 3 ) can be obtained. These compounds readily undergo isomerisation to the more 
stable acyl isomer. Finally, {RhCl 3 (C0)PPh3 (AsPh3 )J can also be prepared by reaction of trans- [RhCI 3 (CO)-
PPh 3] 2 (originally formulated as trans-[RhCl 3 (CO) 2 PPh3 ]) with AsPh 3 . 
RECENTLY the reaction of [RhC1(CO) 2] 2 with triphenyl-
phosphine (1: 2 molar ratio) was reported to give the 
complex trans- [RhC1(CO) 2PPh3] (la; X = Cl). 2 Further 
papers by the same authors discussed oxidative addition 
reactions of complex (Ia), 3 ' 4 reaction with electro-
negative olefins 2,5  and with various hidentate ligands. 2 ' 5 
Our initial interest in this novel starting material was 
based on the observation 2  that reaction of (la, X = Cl) 
with more PPh 3 gave the well-known 6  trans-[RhCl(CO)-
(PPh3) 2]. Thus, by reacting other ligands L (L = AsPh 3 , 
SbPh3, PMePh21  C5H5N, etc.) with (Ta), we hoped to 
synthesise the mixed ligand complexes [RhXCO(PPh 3)L] 
(II), which may be useful catalytic precursors for olefin 
hydroformylation, etc. (cf. trans-[RhCICO (PPh3)2] 7). 
Although some mixed ligand complexes containing 
tertiary phosphines have been recently reported, e.g. 
[HRh (PPh3)3(AsPh3)]0'5C6H6 8  and [RhCI3(PBu 3) 2-
(POMe 3)] 1 9 the only reported complex of type TI is 
IRhICO(PP113) (PC6H113)i, made by reacting trans-
[RhICO(PPh3) 2] with P(C6H11 ) 3 (ten-fold excess) in 
toluene at 25° for 24 h.'° In this instance, 100% con-
version to the mixed ligand complex is observed. How-
ever, in all other systems investigated by this method, 10 
the result has been either mixtures of [RhXCOL 2], 
[RhXCOLL'], and [RhXCOL' 2] or completely exchanged 
products (i.r. evidence). 
RESULTS AND DISCUSSION 
(a) Reaction of I with A rsenic-, Nitrogen-, and Sulphur-
containing Ligands.—Reaction of 'trans-[RhCl(CO) 2-
PPh3]' with excess of L (L = AsPh 3, C5H5N, p- 
I Preliminary communication: D. F. Steele and T. A. Stephen-
son, Inorg. Nuclear Chem. Letters, 1971, 7, 877. 
I P. Uguagliati, G. Deganello, L. Busetto, and U. Belluco, 
lnovg. Chem., 1969, 8. 1625. 
G. Deganelto, P. Uguagliati, B. Crocianci, and U. Belluco, 
J. Chem. Soc. (A), 1969, 2726. 
P. Uguagliati, A. Palazzi, G. Deganello, and U. Belluco, 
Inorg. Chem., 1970, 9, 724. 
L. Busetto, G. Carturan, A. Palazzi, and U. Belluco, 
J. Chem. Soc. (A), 1970, 424. 
6  L. M. Vallarino, J. Chem. Soc., 1957, 2287.  
CH3C6H4NH2 , Me2S) in benzene solution at room temper -
ature, followed by concentration in vacuo and precipi-
tation with pentane or ether, gives good yields of the 
mixed ligand complexes [RhC1CO (PPh 3)L] (II). These 
compounds have been fully characterised by elemental 
analyses, molecular weights (Table), and detailed i.r. 
spectra (4000-200 cm -1), which confirm the presence 
of PPh3, L, and CO. The compounds are non-electro-
lytes and diamagnetic. T.l.c. of (TI; L = AsPh 3) clearly 
shows that the observed single spot has an Rp value 
intermediate between that of the bis-phosphine and 
-arsine compounds, proving that the compound is not 
an equimolar mixture of trans- [RhC1CO(PPh 3) 2] and 
trans- [RhC1CO(AsPh3) 0]. In fact this compound can 
be recrystallised from dichloromethane–acetone and 
appears indefinitely stable both in solid and solution 
state. In contrast, (TI; L = C 5145N) decomposes slowly 
in solution and (IT; L = Me 2S) gradually loses Me 2S on 
prolonged air-exposure of the solid. A trans-configur-
ation for (II) (i.e., L trans to PPh3) is assigned on the 
basis of the similarity of the positions of both v(CO) (ca. 
1960 cm-1) and v(RhCl) (ca. 310 cm) to those found for 
trans- [RhC1CO(PPh3)2] 11,12 
As expected, [RhCICO(PPh 3)(AsPh3)] readily under-
goes oxidative addition reactions, giving [RhC1YZCO-
(PPh3)(AsPh3)] (YZ = C 121 12' CH31, etc.). For YZ = 
C1 2 , 12 , analytical and mass spectral data indicate the 
presence of some CCI 4 solvate (ca. 025 mol/rhodium). 
Refluxing for short periods (ca. 30 mm) with methyl 
iodide gives a brown solid with i.r. bands 2060s, 1980w, 
1712m cm' and, in addition, the absorptions expected 
For detailed references, see G. Yagupsky, C. K. Brown, and 
G. Wilkinson, J. Cheni. Soc. (A), 1970, 1392. 
S R. W. Baker, B. Ilmaier, P. J. Pauling, and R. S. Nyhoim, 
Chem. Comm., 1970, 1077. 
F. H. Allan, G. Chang, K. K. Cheung, T. F. Lai, L. M. Lee, 
and A. Pidcock, Chem. Comm., 1970, 1297. 
10 W. Strohmeier, W. Rehder-Stirnweiss, and G. Reischig, 
J. Organometallic Chem., 1971, 27, 393. 
' J. Chatt and B. L. Shaw, J. Chem. Soc. (A), 1966, 1437. 
12 M. A. Bennett, R. J. H. Clark, and D. L. Milner, Inorg. 




Analytical data for some rhodium(i) and rhodium(m) complexes 
Found (%) Required (%) 
Colour M.P. (°C) C H Others M a C H Others 	M 
Pale yellow 230(d) 60-4 4-1 As, 9-7; 0, 2-2 737 60-5 4-1 As, 10-2; 0, 2-2 	734 
Buff-yellow 180(d) 56-8 3-9 N, 3-1; 0,4-7 570 568 3-9 N, 2-8; 0,3-2 507 
Yellow 128-130 (d) 56-5 44 N, 2-7 58-0 5-0 N, 2-6 
Yellow-brown 105 50-9 4-1 51-4 4-3 
Lemon-yellow 150-153 61-2 4-5 61-1 4-5 
Pale yellow 190 (d) 62-6 6-5 627 6-8 
Yellow 220(d) 57-1 3-9 P. 4-4; Sb, 16-2 804 56-9 3-8 P, 4-0; Sb, 15-6 	781 
Red-brown 230(d) 57-7 39 P, 2-9; Sb, 20-7 58-2 4-0 P, 2-7; Sb, 21-5 
Yellow 210(d) 52-1 3-6 Cl, 13-7 52-0 3-6 Cl, 16-7 
Brown 235(d) 41-6 2-8 Cl, 7-2; 	1,25-S 1022 43-5 2-9 Cl. 6-9; 	1,24-7 	1027 
Dark brown 125-129 48-7 3-6 1,21-9 48-7 3-7 1, 20-2 
[Rhcl.(C'O)(PPh.)(SbPh,)] e Yellow 126-129 50-4 35 521 3-5 
lRhClI(COCH,)PPh,bf Dark brown 131 43-4 3-4 1,22-3, 	Cl, 4-7 42-1 3-2 1, 22-3; 	Cl, 6-2 
[RhClt(CH,)(CO)(PPh,)AsPh.), Orange-yellow 188-170(d) 51-1 3-7 Cl, 4-2; 	1,14-3 52-1 3-8 Cl, 4-1; 	1,14-5 - (52-0) h (3-8)'. 
[RhCl1(CH 3)(CO)(PPh1 • Orange-yellow 160-162 55-2 41 Cl, 5-2; 	1,12-8 54-8 4-0 Cl, 4-3; 	I, 15-3 (55-1)'. (4.1)'. 
[RhCl1(CH 2 )(CO)(PPh.)SbPh. Orange-yellow 165-167 49-6 3-6 Cl, 4-1; 	1,14-0 49-4 3-6 Cl, 3-85; 	1,13-8 
(49-6)'. (3-7)'. 
[RhBr(CO)PPh], Orange-brown 153-156 (d) 48-2 3-2 935 48-3 32 944 
[RhBr(CO)(PPh,)(AsPh,)] Orange-brown 200-205 566 38 740 570 39 778 
[RhBr(CO)(PPh,)(C,H,N)j Buff-brown 165 (d) 52-6 37 N, 2-9 52-3 3-6 N, 25 
(RhSCN(Co)PPh S]. Pale yellow 150(d) 50-8 3-3 N, 3-6; 0,3-4 	i 53-2 3-3 N, 3-1; 	0,3-3 
[RhNCS(CO)(PPh.)(AsPh.)] Yellow 205(d) 602 40 N, 20 	 685 603 40 N, 19 757 
[Rh(OCOMe)(CO)PPh,], Red-orange 127 (d) 555 41 559 40 
[Rh(OCOMe)(CO)(PPh,)(AsPh,)] Golden-yellow 150-153 (d) 62-1 41 617 43 
[Rh1(CO)(PPh)AsPh)ii Brown 164-166 520 34 816 538 3-6 826 
Osmometrically in CHCI (370) 6 From [RhCI(CO)PPh,] and an excess of SbPh. 	o  From [RhCI(CO)(PPh,)(AsPh),]. a  In equilibrium with a small amount of 
I RhClI(CH,)(CO)PPh.AsPh.1. 	e From [RhCI,(C0(PPh,]. and SbPh,. I In equilibrium with a small amount of [RhClI(CH 3)(CO)PPh 1],. 9 From [RhClI(COCH.)PPh.] 
(plus alkyl isomer). 	P. Analytical figures for aged samples (14 days) in parentheses. 9 Too insoluble for molecular weight determination. 3 Contains some (Rh1 1 (CO)- 
for PPh3 and AsPh3. After 4 ii under reflux, a 
deeper brown solid is isolated with very weak bands at 
2060, 1980Cm-' and a strong, broad band at 1712 Cm_ i . 
This dark brown solid analyses closely for [RhC1I-
(C0CH3)PPh3A5Ph3]05CH31 (Table). The presence of 
methyl iodide solvate is confirmed by mass spectroscopy. 
These results are consistent with those reported in 
detail by Douek and Wilkinson 13  for the reaction of 
trans- [RhXCO(PR3) 2] with CH3I, viz, rapid oxidative 
addition of CH3I giving initially'[RhXI(CH3) (CO) (PR3)0, 
followed by a slower isomerisation to the acetyl complex 
[RhXI(COCH 3)(PR3 ) 2]. Neither in this work nor in 
that reported by Wilkinson et al.13 has it been possible 
to separate the two isomers when prepared by this 
method (but see section f). 
(b) Reformulation of ' trans- [RhC1(CO) 2PPh3]. 
Rather surprisingly, the reactions of ' trans- [RhC1(GO)2-
PPh2]' with L show very little evidence of carbon 
monoxide evolution (visual and subsequently mass 
spectral evidence), an observation which casts grave 
doubt on the 'dicarbonyl' formulation. An osmo-
metric molecular weight determination on complex (Ia) 
in Chloroform indicates a dimeric structure and, together 
with a direct oxygen analysis, suggests that 'trans-
[RhC1(C0) 2PPh3]' should be reformulated as the 
binuclear complex trans- [RhCl(GO)PPh 3] 2 (Tb, X = Gi). 
Uguagliati et al.2 support their formulation of the com-
pound as (Ta) on the observed position of v(RhG1) (295 
cm-1), which is in agreement with that expected for a 
chloride atom trans to a tertiary aryiphosphine in a 
rhodium(i) complex. 12 However, since v(RhC1) is 
assigned at 284, 274, and 303 cm 1 in the bridged chloro-
compounds, [RhC1(C0)2] 2 and [RhC1(PPh 3)2] 2 respect-
ively,12 it is reasonable to expect that v(RhC1) will occur 
13 1. C. Douek and G. Wilkinson, J. Chem. Soc. (A), 1969, 
2604. 
14  J. Powell and B. L. Shaw, J. Chem. Soc. (A), 1968, 211. 
for the mixed dimer [RhC1(G0)PPh 3] 2 in the region 
285-295 cm'. In fact, reaction of equimolar amounts 
of [RhC1(CO) 2] 2 and [RhCl(PPh3) 2] 2 in benzene does give 
a small amount of complex (lb). The extreme in-
solubility of the phosphine dimer is probably the reason 
[co PPh 3 	Ph 3 P 	X 	Co 
I\/ 
I 	Rh 	 Rh Rh 
LX CO 	 OC X 	PPh 3 
	
In 	 rb 
-1 
OC 	PPh 	Ph 3 P Cl 	CO 
Rh 	 Rh Rh 
Oc 	CL 	Ph 3P Cl 	CO 
MCI 	 Id 
Ph3P ' X 	CO 	 Ph 3 P CL 	COCH3 \I/\I/ \ /\I/ 
Rh Rh 	 Rh Rh 
/\/ I \ 
,'"" \. OC 	X 	PPh 3 	CH 30C Cl 	PPh 3 
w V 
why this reaction was not more successful (cf. the 
preparation of [RhC1(C0)G2H412) '14  although the possi-
bility that [RhG1(PPh 3)2] 2 simply acts as a source of 
free PPh3 cannot be discounted. It is very easy to 
formulate this compound wrongly, since the expected 
C, H, P, and Cl percentages for (Ia) and (Ib) are very 
similar: only the oxygen percentage [(Ia), 7.0%; (lb), 
3'7%; Found, 0. 3.6%], molecular weight [(Ia), 457; 
(Ib), 857; Found, 865] and certain chemical reactions 




investigation, Poilblanc and Gallay 15  reached the same 
conclusions as those given in this work on the basis of 
gas evolution and molecular weight measurements. In 
addition, they synthesised the complex trans- [RhC1(CO)-
(PMe3)] 2 , where the analytical and molecular weight 
data unequivocably support the dimeric formulation. 
(lb) (X = Cl) has also been recently prepared by reaction 
of [C5H5Rh(CO)PPh 3] with HC1. 16 
The complexes ' trans- [RhX(CO) 2PPh3] ' made by 
metathetical reactions on (Ia) ' can also be reformulated 
as the dimers (lb) (X = Br,3 1,3  SCN, OCOMe) (see 
Table). Examination of the i.r. spectrum of the thio-
cyanato-complex shows VCN 2135 cm', close to that 
expected for a bridging SCN group [cf. 2153-2162 cm 
in similar palladium(ix) compounds]. 17 The acetate 
complex has i.r. bands at 1572 and 1439 cni', attributed 
to asymmetric (v) and symmetric (v,) carboxylate 
stretching frequencies respectively (cf. [Rh(CO) 2 (OCO-
Me)] 2 1560 and 1439 cm-1). 18 The separation (z) of 133 
cm between these frequencies is indicative of sym-
metrical co-ordination of the acetate ligand. 19 ' These 
complexes also readily undergo bridge cleavage with 
AsPh,, etc., giving monomeric mixed ligand complexes 
[RhXCO(PPh 3)L] (Table). Examination of the i.r. 
spectrum of [Rh(NCS)(CO)(PPh 3)(AsPh3)] (vUN 2064, VCS 
840 cm') indicates that the thiocyanate ligand is bound 
through the nitrogen atom. This is a feature common to 
all known rhodium(I) compounds containing a terminal 
SCN group. 17"0 The acetato-complex [Rh(OCOMe)-
CO(PPh3)(AsPh,)] has Va. 1606, v, 1323, A 283 cm 1 , in-
dicative of unidentate co-ordination ' (cf. [Rh(OCOMe)-
CO(PPh3),] made from [Rh(CO),(OCOMe)], and excess 
PPh3 with v., 1610, v 1325, i 285 cm').* 
The compounds [RhXCO(PPh 3)(AsPh3)] can also be 
synthesised directly from [RhCl(CO)(PPh 3)(AsPh3)] and 
LiX. Pure products are obtained with LiBr and LiSCN 
provided that short reaction times (5-20 mm) are em-
ployed. Longer reaction times lead to contamination 
by rhodium(m) species (vCO > 2000 cm -1). 11 With Lii, 
even short reaction times give a small amount of 
rhodium(iii). 
The i.r. spectrum of the orange-yellow product (lb, 
X = Cl), isolated by the method given in ref. 2, shows 
two very weak bands at 2091 and 2023 cm' (Nujol); 
2090 and 2023 cm (benzene) in addition to the strong, 
broad absorption at 1980cm-1 . The compound giving rise 
to these weak absorptions can be removed by refluxing 
compound (lb) in benzene for Ca. 30 mm, after which 
pure trans- [RhC1(CO)PPh3]2 NO  1980 cm-1 ) is recovered 
(Uguagliati ci al.' note that their product ' la ' readily 
disproportionates to trans-[RhC1 (CO) (PPh,),] ('co  1960 
* This compound has also been recently reported by Csontos 
cE al. 199 who formulate it as a five-co-or(inate complex with a 
bidentate acetato-group v, 1610, v, 1470, A 140 cm'. Un-
fortunately, the quoted ' • occurs in the same region as a 
strong triphenylphosphine absorption which tends to negate their 
conclusion. 
1 R. Poilblanc and J. Gallay, J. Organo;nelallic Chem., 1971, 
27, C53. 
16 F. Faraone, C. Ferrara. and F. Rotondo, J. Organomelallic 
Chem., 1971, 33, 221. 
cm-1 in warm benzene solution!). Carbonylation of (Ib) 
with or without the extra i.r. bands) in benzene, toluene, 
or chloroform gives a lemon-yellow solution, whose i.r. 
spectrum contains two sharp, intense bands at 2090 and 
2008 cm' (benzene); 2094 and 2013 cm' (chloroform); 
2090 and 2007 cm' (toluene). If nitrogen is bubbled 
through the yellow benzene solution, it rapidly turns 
orange and the i.r. spectrum shows several interesting 
changes: the band at 2090 cm' decreases considerably 
in intensity, the 2008 cm' band disappears and is 
replaced by a weaker one at 2023 cm', and a very strong 
band appears at 1980 cm'. Removal of solvent re-
generates (Tb), together with the complex with weak 
i.r. bands at 2090 and 2023 cm'. Deganello et al.3 
have reported the isolation of a red labile intermediate 
with very similar i.r. absorptions [2082 and 2019 cm' 
(Nujol)]. This readily converts to 'Ia' at room 
temperature and has been assigned the structure ' cis-
[RhC1(CO) 2PPh3]' (111a). 3 Poilblanc and Gallay ' 
observed similar behaviour, on carbonylation of (Tb) in 
toluene, to that reported here (i.e. two vCO 2088 and 2002 
cm') and showed that the CO uptake was one CO per 
rhodium. Furthermore, they observed that a compound 
with the same i.r. spectrum was formed in solution 
when [RhC1(CO) 1] 2 and PPh3 (1: 2 molar ratio) were 
mixed. Attempts to isolate this species resulted in CO 
evolution (one CO/Rh) and formation of trans-[RhCl(CO)-
(PPh3)] 2. We have also followed the i.r. changes of this 
reaction in benzene and confirm that the first step is the 
loss of [RhC1(CO) 2] 2 carbonyl bands and the growth of 
two strong bands at 2090 and 2008 cm* Then, concen-
tration of the solution results (as just described) in the 
appearance of two weak absorptions at 2090 and 2023 
cm' and the strong band at 1980 cm. 
Poilblanc ci al.15 interpreted their observations in 
terms of equation (1) with the same postulated inter-
mediate as Deganello et al. ,3 cis-[RhCl(CO) 2PPh3] ( lila). 
[Rh,C1 2 (CO) 4] + 2PPh3 —*- 2 cis-[RhC1(CO) 2PPh3] 
trans- [RhCl(CO)(PPh 3)] 2 + 2C0 (i) 
However,this infers that PPh 3 initially reacts with 
[RhC1(CO),] 2 with halide bridge cleavage and formation 
of complex (lila). On attempted isolation, one CO 
group is lost from each molecule of (lila) and the co-
ordinatively unsaturated fragments recombine to give 
the halide bridged species (lb). Finally, with more 
PPh3, (Tb) is cleaved giving trans- [RhC1(CO)(PPh3),]. 
We suggest that a more plausible interpretation is that 
the yellow labile intermediate [voo 2090 and 2008 cm' 
(benzene)] is the dimeric cis-[RhC1(CO) 2PPh3] 2 (ITIb), 
probably with trans-addition of PPh 3 to minimise steric 
11 For detailed references, see M. A. Jennings and A. Wojcicki, 
Inorg. Chem., 1967, 6, 1854. 
18 D. N. Lawson and G. Wilkinson, J. Chem. Soc., 1965, 1900. 
'° (a) For detailed discussion, see T. A. Stephenson, S. Al. More-
house, A. R. Powell, J. P. Heifer, and G. Wilkinson, J. Chem. 
Soc., 1965, 3632; (b) G. Csontos, B. Heil, and L. Marko, J. 
Organomeallic Chem., 1972, 37, 183. 





repulsions. This intermediate readily loses CO to give 
mainly (lb). In this way, bridge cleavage and subse-
quent recombination need not be invoked to explain the 
observations. Because of the low stability of this com-
pound it has proved impossible to directly verify whether 
the compound is of formula (lila) or (Ilib). However, 
carbonylation of trans-[Rh(OCOMe)CO(PPh 3)] 2 gives an 
orange solution with vCO 2094 and 2009; v 1570, 
v 1435, A 135 cm', indicative of symmetrical acetate 
co-ordination, as expected for (IlIb) and not unidentate 
co-ordination as expected for (lila). 
0 	Cl 	Co 
Rh Rh 
OC CL 	CO 
12PPh 3 
PPh 3 




OC CL 	CO 
PPh3 
Iflb (vc0 2090, 2008 cm ' ) 
•2C0 -2c0 
	
Ph? CL 	CO 	 I Ph? CL 	PPh 3 
\/\/ I 
Rh Rh 	 and 	 Rh Rh 
CC CL 	PITh3 	\ [ OC Cl CO 
1bhco19BOCflf 1 ) 	 \ IC(vc02090,2023cm1) 
in benzene 
.L(PPh 3 ,AsPh 3 etc.) 
Ph?CL 	 OC L CL 	PPh 3 
Rh 	 Rh Rh 
OC 	L 	 Phf CL LCO 
ii (Vco196m ' 
SCHEME Proposed mechanism for reaction of [RhC1(C0) 1] 2 
with PPh 3 
A similar intermediate [RhC1(CO) (PPh 3)L] 2 could be 
postulated for the reaction of (lb) with L (PPh 3, AsPh3 , 
etc.) followed by halide bridge cleavage and formation 
of [RhC1(CO)PPh 3L]. However, an i.r. study of the 
reaction of (lb. X = Cl) with AsPh 3 shows that the 
immediate yellow solution has v60 1976, v(RhC1) 
310 cm' identical with that found for [RhCl(CO)- 
(PPh3)(AsPh3)] in benzene solution. This could indicate 
either that voo and v(RhCl) are the same for [RhC1(CO)-
(PPh3)(AsPh3)] (n = 1 and 2), that the dimeric inter-
mediate is very labile or that it never forms! 
We suggest that the other complex isolated with (lb) is 
cis-[RhC1(CO)PPh 31 2 (Ic; vc,rJ 2091 and 2023 cm'), formed 
simultaneously with (lb) by CO displacement from 
(Ilib) and readily isomerised to (lb) by warming in 
benzene. Although the i.r. spectrum is also consistent 
with the other cis-dicarbonyl isomer (Id) [and would 
possibly be more compatible with the observed v(CO) 
values than (Ic)] * the observation that recarbonylation 
of a mixture of (lb) and another dicarbonyl compound 
gives only the single product (Ilib) suggests that we can 
discount the formulation (Id). Reaction of [RhCl-
(CO) 2] 2 and PPh 3 at a lower temperature gave the same 
products but an attempted chromatographic separation 
was unsuccessful. Only a single 'streaky' band was 
obtained (t.l.c.) suggesting similar RF  values for the 
isomers. For clarity, our .suggestions are summarised 
in the Scheme shown opposite. 
(c) Reaction with Triphenylstibine.—Reaction of 
[RhC1(CO)PPh3] 2 with triphenylstibine (1: 2 molar 
ratio) in benzene gives an orange solution which, on 
concentration and pentane addition, gives the yellow 
solid [RhCl(CO)(PPh 3)(SbPh3)]. In addition, the filtrate 
contains another rhodium complex; the red-brown 
five-co-ordinate [RhC1(CO)PPh 3(SbPh3) 2]. A better 
method of making this compound is to react benzene 
solutions of [RhC1(CO)PPh3] 2 , [RhC1(CO) (PPh3) (AsPh3)], 
or [RhC1 (CO) (PPh 3) (C5H5N)] with a four-fold excess of 
SbPh3. However, if the reaction of (lb) (X = Cl) and 
excess SbPh3 is carried out in CH 2C121  concentration of 
the deep red solution gives a yellow precipitate of trans-
[RhC1(CO) (PPh 3) 2] and the filtrate contains [RhCl(CO)-
(SbPh3) 3] and some free PPh 3. Furthermore, in the 
absence of excess SbPh3, [RhC1(CO)PPh3(SbPh3) 2] in 
benzene readily dissociates to [RhC1(CO) (PPh 3) (SbPh3)] 
and SbPh3 (cf. the behaviour of [RhC1(CO) (SbPh3)3]) •21 
This suggests that in solution the following complexes 
are present in equilibria (equation (2)): 
3[RhC1(CO)(PPh 3)(SbPh 3)] + 3SbPh3 
3[RhC1(CO) (PPh 3) (SbPh3) 2] 
[RhCl(CO)(PPh 3) 2] + 2[RhCl(CO)(SbPh3) 3] + PPh3 
(2) 
[RhC1(CO)(SbPh 3)3]C6H6 can be prepared directly from 
[RhC1(CO) 2] 2  and excess SbPh3 21,22  in benzene and also 
from trans-[RhC1(CO)(AsPh 3) 2] and excess SbPh3. The 
most interesting features of this compound are the low 
position of v(RhC1) (270 cm -1) (confirmed by preparing 
the corresponding bromo-compound) and the presence of a 
* We thank a referee for this suggestion. 
21 R. Ugo, F. Bonati, and S. Cenini, Ino'g. Chim. Ada, 1969, 
3, 220. 




strongly clathrated benzene molecule. 2' The latter might 
provide an explanation for the stability of [RhC1(CO)-
PPh,(SbPh3) 2j in benzene compared to dichioromethane, 
although a more likely explanation is the low solubility 
of trans-[RhCI(CO)(PPh 3) 2] in CH2C12 (as compared to 
C6H6) which results in a shift of the equilibrium to the 
right hand side of equation (2). 
Reaction of [RhC1(CO) (SbPh 3)3]C6H6 with excess 
AsPh3 regenerates trans-[RhCI(CO) (AsPh 3) 2]; similarly, 
[RhC1(CO)PPh 3(SbPh3) 2] gives [RhC1(CO) (PPh 3)(AsPh3)]. 
Thus, [RhC1(CO)(SbPh 3),] and [RhC1(CO)(PPh3)-
(SbPh,),] are two members of a series containing five-
co-ordinate rhodium(i) and triphenyistibine. A third 
is the cation [Rh(CO) 2(SbPh3) 3] recently prepared by 
Hieber et at. 22 Reaction of trans-[RhCI(CO)(PPh,) 2] 
and excess triphenyistibine gives an orange-yellow 
solution, probably containing the unknown [RhC1(CO)-
(PPh3) 2SbPh,] complex but removal of solvent gives 
only trans-{RhCI(CO)(PPh 3) 2]. This and earlier work 22 
clearly indicates that, as SbPh 3 groups are replaced by 
PPh3 (and AsPh,), the stability of the five-co-ordinate 
rhodium(I) complexes decrease. Similarly, Westland 23 
concluded that 'for palladium(II) and platinum(ix), the 
tendency of ligand donor atoms to confer upon the metal 
atom the ability to engage in five-co-ordination increases 
in the sequence N <P <As < Sb.' However, the 
reasons why antimony donor ligands promote five-co-
ordination in low-spin d8 complexes is not at present 
obvious although, doubtless, both steric and electronic 
factors play an important role, e.g., the longer rhodium-
antimony bond distances allow more SbPh 3 molecules 
to be packed around the rhodium atom. 
All these results suggest that the only remaining six-
co-ordinate rhodium(i) complex containing triphenyl-
stibine [Rh(C5H702)CO(SbPh3) 3] (C5H702 - = acetyl-
acetonate ion) 24 is probably the five-co-ordinate 
[Rh(C5H702)CO(SbPh,) 2]. The quoted analytical figures 
C, 54'5, H, 42, 0, 3'7% are intermediate between those 
required for [Rh(C 5H 702)CO(SbPh,' 3] (C, 559, H, 40• 
0, 3'2, Sb 284%) and [Rh(C 5H702)C0(SbPh 3) 2] (C, 538, 
H, 40; 0, 51, Sb 26.0%). An antimony analysis is 
required to distinguish between these possibilities but 
the rarity of six-co-ordinate rhodium(i) complexes and 
the close similarity of the compound to [RhCl(CO)
(SbPh3)3] and [RhCl(CO) (PPh,) (SbPh 3) 2] strongly favours 
the five-co-ordinate bis-stibine formulation. 
(d) Reaction of Complex (lb) with Tertiary Phosphines. 
—Treatment of [RhCI(C0)PPh 3] 2  with methyldiphenyl-
phosphine or tricyclohexylphosphine (1: 2 molar ratio) 
in acetone, followed by solvent removal and addition of 
ether give the products [RhCl(CO)PPh 3L], characterised 
by analysis, m.p. (Table), and i.r. spectra. The 'H 
n.m.r. spectra (methyl region) of [RhC1(CO)(PPh 3)-
(PMePh2)] in deuteriochloroform shows only a single 
resonance ( 7'86). Similarly, examination of the 
11 A. D. Westland, J. Chem. Soc., 1965, 3060. 
24 F. Bonatj and G. Wilkinson, J. Chem. Soc., 1964, 3156. 
25  K. C. Dewhurst, W. Keim, and C. A. Reilly Inorg. Chem., 
1968, 7, 546.  
n.m.r. spectrum of an equimolar mixture of trans-
[RhC1CO(PMePh2) 2] and trans-[RhC1CO(PPh 3) 2] ( in 
CDC13) shows a single methyl peak ( 7.82). In con-
trast, trans- [RhCl (CO) (PMePh 2) 2] in CDC13 shows the 
expected doublet of triplets 10 Hz) centred at 
74 Addition of trans- [RhCl(CO)(PPh 3) 2] to this 
solution gives a single resonance (r 7.82) at a minimum 
ratio (PMePh 2 to PPh3 complex) of ca. 10: 1. The 
same effect is observed when the n.m.r. spectrum of 
trans- [RhCl(CO)(PMePh 2),] is run in CS2 . 
The only explanation which appears applicable in this 
instance to explain the loss of P-H coupling is that given 
by Fackler et al.26 to explain the 1H n.m.r. spectra of 
compounds such as cis-[PdCl 2 (PMePh2) 2] and trans-
[RhC1(C0)(PMe2Ph) 2], 27 namely that P-H decoupling 
occurs in strongly coupled PP' systems because of easy 
phosphine exchange. The singlet observed in this 
mixed ligand complex corresponds to the calculated 
n.m.r. spectra given in Figure 2, ref. 26 (i.e. that 
expected at intermediate exchange rates). Cooling a 
CDC13  solution of [RhC1(CO)(PPh3)(PMePh2)] to —60° 
produces the line broadening expected. for a slower 
exchange rate but not the triplet predicted in the slow 
exchange limit. Similarly, heating in chlorobenzene 
to 800 does not give the doublet expected in the fast 
exchange limit. Presumably, the small amount of free 
phosphine required to cause P-H decoupling in trans-
[RhC1(CO) (PMePh 2) 2] comes from either partial dis-
sociation of the added [RhC1(CO) (PPh 3) 2] and/or some 
displacement of PMePh 2 by PPh3 and consequent 
scrambling of phosphine groups in these labile, square-
planar d8 compounds. The singlet found for trans-
[RhCl(CO)(PMePh 2) 2] in CS2, could be the result of en-
hanced dissociation in this solvent compared to CDC1 3 
due to the ready formation of 1: 1 adducts between 
tertiary phosphines and CS2.28 For [RhCl(CO)(PPh 3)-
(PMePh2)] in solution, the existence of an equilibrium of 
the type given by equation 3 would account for easy 
2[RhCl(CO)PPh3L] 
[RhCl(CO) (PPh3) 2] + [RhCl(CO)L 	(3) 
phosphine exchange processes and consequent P-H de-
coupling. There is more convincing evidence for the 
existence of this equilibrium for compounds [RhC1(CO)-
PPh3L]. Reaction of [RhC1(C0) PPh 3] 2 with tertiary 
phosphines (L = PMe2Ph or PEt 2Ph) gives oils on solvent 
removal which on trituration with ethers or pentane gives 
a precipitate of trans-[RhCl(CO)(PPh,)2] and evidence in 
solution for [RhCl(C0)L 2]. Similar results are found 
when using excess AsEt, and Me 2SO. However, we 
suggest that for all the [RhCl(C0)PPh 3L] compounds 
reported (and attempted) in this paper, the equilibrium 
in solution lies predominantly to the left-hand side of 
equation (3). Thus, precipitation from solution with 
26  J P. Fackler, jun., J. A. Fetchin, J. Mayhew, W. C. Seidel, 
T. J. Swift, and M. Weeks, J. Amer. Chem. Soc., 1969, 91, 1941. 
27  J P. Facker, jun., Inorg. Chem., 1970, 9, 2625. 
28  See L. Maier in Progress in Inorganic Chemistry.' ed. 




pentane, etc., gives pure samples of [RhC1(C0)PPh 3L] 
(L = AsPh3 (t.Lc.), PMePh 2 (t.l.c.), SbPh3 , etc.) since 
these compounds are expected to be of similar low 
solubility in these solvents to that of irans-[RhC1(C0)-
(PPh3) 2], postulated to be present in only low concen-
tration. However, when L is a more alkylated phos-
phine, arsine, or an alkyl suiphoxide, the mixed com-
pounds (and [RhC1(CO)L2]) will be of higher solubility 
in pentane, etc., than trans- [RhC1(CO)(PPh 3) 2]. Thus, 
preferential precipitation of the latter will occur and the 
equilibrium will be pushed to the right-hand side of 
equation 3. 
An excellent confirmation of this hypothesis is pro- 
vided by the low pressure carbonylation of [RhCl(C0)
PPh3] 2 in various solvents. As discussed in detail 
earlier, benzene, toluene and chloroform (in which 
[RhC1(C0)(PPh3 ) 2] is soluble) contain a complex with 
two Vy > 2000 cm', believed to be cis-[RhC1(C0) 2-
PPh3] (III) (with n probably 2). However, carbonyl-
ation of a methanol suspension (or concentrated di-
chioromethane solution) of (lb) gives a precipitate of 
trans- [RhC1(CO)(PPh 3) 2] and [RhC1(CO) 2] 2 can be isol-
ated from the solution, i.e., trans- [RhC1(CO)(PPh 3) 2] is of 
much lower solubility in these solvents than cis-
[RhCl(C0) 2PPh3]. Note that equation (3) predicts 
that the other product should be [RhC1(CO) 3] but it is 
not inconceivable that this compound (at present un-
known) might readily lose carbon monoxide and then 
dimerise (cf. 2RhC1(PPh3) 3 [RhC1(PPh3 ) 2] 2 + 
2PPh3) 29 
(e) Oxidative Addition Reactions of Complex (lb).—  
The reformulation of ' trans- [RhX(CO) 2PPh3]' as Evans-
[RhX(C0)PPh3] 2  also implies that the reported oxidative 
addition products [RhXYZ(C0)2PPh3] 3  (YZ = C121 
PhI, C1CO 2Et, etc.) are incorrect. This is readily verified 
by an oxygen analysis on' [RhC1 3 (C0) 2PPh 3] '(required 
61; found 33%), which suggests that the compound 
should be reformulated as trans- [RhXYZ (CO) PPh 3] 2 
(IV, X = Cl, YZ = C12 ; required 0, 3.2%). The 
position of v(RhC1) 354 and 340 cm' suggests trans-ad-
dition of the halogen. 30 This compound is too insoluble 
for a molecular weight determination but it reacts with 
excess triphenylarsine (without CO evolution) giving 
[RhC13(CO) (PPh3) (AsPh3)]: with SbPh3 a product close 
in analysis to [RhCI 3(C0)(PPh 3)(SbPh3)] is formed but 
partial reduction to [RhC1(C0)(PPh 3)(SbPh3)] also 
occurs. Triphenyiphosphine gives mainly trans-[RhCl-
(CO)(PPh3) 2]. Rather surprisingly, extended reaction 
with pyridine gives a sample of 1,2,6-[RhC1 3 (C5H5N) 3] 
(the isomeric form was confirmed by comparison with 
the i.r. spectrum of an authentic sample). 31 
It is therefore suggested that with the exception of 
the methyl iodide reaction, the other oxidative addition 
products reported in ref. 3 should be reformulated as 
U  J A. Osborn, F. H. Jardine, J. F. Young, and G. Wilkinson, 
J. Chem. Soc. (A), 1966, 1711. 
° P. R. Brookes and B. L. Shaw, J. Chem. Soc. (A), 1967. 
1079. 
31 R. D. Gillard and G. Wilkinson, J. Chem. Soc., 1964, 1224. 
the dimeric compound (IV) (or isomers of this com-
pound). 
(1) Reaction of Complex (lb) with Methyl Iodide.-
Deganello et al.3 report that the reaction of methyl 
iodide with '[RhCl(C0) 2PPh3]' gives {RhClI (CO)-
(COMe) (PPh3)], probably via a labile intermediate 
[RhClI(CH3)(C0) 2PPh3]. The final product has an i.r. 
spectrum exhibiting both terminal metal carbonyl 
(2065 cm-1) and acyl carbonyl (1710 cm -1) stretching 
frequencies. We have undertaken a detailed re-examin-
ation of this reaction and find that on prolonged reaction 
between methyl iodide and complex (lb, X = Cl) 
(followed by i.r. spectroscopy) the terminal carbonyl 
band decreases and the acyl carbonyl band increases in 
intensity as the reaction proceeds. Unfortunately, the 
compound is not sufficiently stable in solution for mole-
cular weight measurements and a mass spectrum shows 
only the fragmentation pattern of triphenyiphosphine. 
However, by analogy with the other oxidative addition 
reactions of complex (lb) and earlier work by Wilkinson 
et al.,13  we suggest that the terminal carbonyl stretch 
arises from compound (TV) (YZ = CH 3I 1  X = Cl), 
which is in equilibrium with an acetylrhodium(in) 
dimer (V) and that, on extended reaction, most of the 
product is present as the acetyl dimer. This explanation 
is consistent with the results of a kinetic study carried 
out by Uguagliati et al.,4 where rapid formation of an 
intermediate followed by a second slower rate deter -
mining step was observed. 
The reaction of this mixture of isomers with an excess 
of L (L = AsPh 3, PPh3, SbPh3) in chloroform or dichioro-
methane gives, on immediate precipitation with pentane 
or ether, orange-yellow crystalline compounds, which 
analyse for [RhC1ICH 3(C0) PPh 3L] (Table). 
The i.r. spectra of these compounds shows a strong 
terminal rhodium(iii) carbonyl band, a very weak 
rhodium(i) carbonyl band but no acyl band [e.g., L = 
AsPh3, 2065s, 2056m, and 1980w cm' (Nujol); 2070s and 
1980m cm (CHC13)]. These compounds also pre-
cipitate out when the reaction is carried out in concen-
trated dichioromethane or methyl iodide solution. 
There are few reports of the isolation of pure rhod-
ium(In) methyl carbonyl compounds because of the 
ready isomerisation to the acyl form. Heck 32  reports the 
preparation of [RhClT(CH 3)(C0)(PBu 3) 2] which absorbs 
CO at 1 atm. and 25° to give the acyl compound 
[RhClI(C0CH 3)C0(PBu' 3) 2] and Wilkinson el al.33 by 
reaction of acetyl chloride with RhCl(PPh 3)3 at 0°, have 
isolated the compound [RhC1 2 (CH 3)(C0)(PPh 3) 2]. In 
solution, this rapidly isomerises to [RhCl 2(C0CH3)-
(PPh3) 2]. Graham et al.34 also report the preparation of 
F(C5H5)Rh(CH 3)(CO)(PMe 2PI)]BPh 4 by treatment of the 
acyl complex 1(C5H5) RhBr(Ac) (PMe 2Ph)] with NaBP114 . 
The chloroiodo-com pounds reported here are reasonably 
32 R. F. Heck, J. Amer. Chem. Soc., 1964, 86, 2796. 
" M. C. Baird, J. T. Mague, J. A. Osborn, and G. Wilkinson, 
J. Chem. Soc. (A), 1967, 1347. 





stable if stored under nitrogen in the absence of 
light. However, on light exposure, they slowly turn 
darker brown and the i.r. spectrum shows the growth 
of an acyl band (1712 cm-') but the analytical figures 
(carbon and hydrogen) remain virtually unchanged 
(Table). Similarly, if the compounds are dissolved in 
CHC13-CH3I, the solution rapidly darkens in colour and 
is accompanied by the growth of an acyl carbonyl band 
and a decrease in the terminal carbonyl band intensity. 
In CHCI3 alone, the acyl band also increases in intensity 
but this is followed by the rapid growth of a band at 
1980 cm', i.e., reductive elimination of methyl iodide is 
probably occurring (cf. refs. 13 and 33) giving [RhC1CO-
(PPh3) (AsPh3)]. 
Thus, it appears that cleavage of the mixture of 
dimers (IV) and (V) by Lewis bases provides a con-
venient preparation of pure rhodium methyl carbonyl 
compounds. The reason for the formation of the pure 
alkyl form from a solution predominantly containing 
the acetyl complex (V) lies probably in the greater 
lability of the alkyl dimer (IV) [compared to (V)] 
towards bridge cleavage by Lewis bases and also to the 
low solubility of the resultant monomeric alkyl com-
pound in various solvents. Hence, the equilibrium in 
solution is shifted towards the formation of more alkyl 
dimer. A well established precedent is the isolation of 
the more insoluble cis-[PdCl 2 (SbPh3) 2] from solutions 
containing predominantly the trans-isomer. 
CONCLUSION 
The reaction of [RhCI(C0) 2] 2 with PPh3, originally 
reported by Vallarino,° to give trans-[RhCl(CO)(PPh 3) 2] 
reveals, on closer examination, a number of isolatable 
intermediates which exhibit some interesting chemical 
properties. It is likely that similar detailed studies on 
other rhodium(i) dimers will be equally valuable both in 
providing an insight into the reaction pathways of these 
complicated reactions and synthesising new rhodium(i) 
and (III) compounds. 
EXPERIMENTAL 
Microanalyses were by the N.P.L., Teddington, A. Bern-
hardt, West Germany and the University of Edinburgh. 
Chemistry Department. Analytical data for many of the 
new compounds are given in the Table. Molecular weights 
were determined on a Mechrolab Osmometer at 37° in 
ethanol-free chloroform. I.r. spectra were recordd in the 
region 4000-200 cm' on a Perkin-Elmer 225 grating 
spectrometer using Nujol mulls on caesium iodide plates. 
Solution spectra were run in potassium bromide cells. 
Useful i.r. data is given below for each compound (measured 
as mull unless otherwise stated). 'H N.m.r. spectra were 
obtained on a Perkin-Elmer model RS10 60 MHz spectro-
meter and a Varian Associates HA-100 spectrometer. Mass 
spectra were measured on an A.E.I. MS 9 mass spectro-
meter and conductivity measurements on a model 310 
Portland Electronics conductivity bridge. M.p.s were 
determined with a Kofler hot-stage microscope and are 
uncorrected. 
3 -1 J. Chatt and R. G. Wilkins, J. Chem. Soc., 1953, 70. 
Materials.—Rhodium trichloride trihydrate (Johnson 
Matthey); triphenylphosphine, dimethylphenylphosphjne 
iodomethane, dimethylsulphide (B.D.H.); triphenylarsine 
(Ralph Emanuel); triphenylstibine (Koch-Light); and 
carbon monoxide (Air Products Ltd.). The other tertiary 
phosphines were prepared by standard literature methods. 
Rhodium(I) Compounds 
trans-Di--chloro-dicarbonylbis(triphenylphosphjne)dirhod 
ium(x).—Triphenylphosphine (0.52 g, 20 mmol) in benzene 
(20 ml) was added, dropwise with stirring to a solution of 
di--chlorotetracarbonyldirhodium(i) 11 (0.39 g, 10 mmol) 
in dry benzene (20 ml). The mixture was stirred for 15 
mm, the solution concentrated in vacuo, and pentane added 
to precipitate the product as a golden yellow powder (0.8 g, 
93%) [voo 2091w, 2023w, 1980vs cm'; v(RhC1) 295 cm -1]. 
Recrystallisation from hot benzene gives the pure trans-
isomer (vjyj 1980 cm'). 
trans-Di-J.-bromo-dicarbonylbis(triphenylphosphjne)djyhoj.. 
ium(i).—[RhC1(CO)PPh,], (0.43 g, 050 mmol) Was sus-
pended in acetone (25 ml) and an excess of lithium bromide 
(ca. 3.0 g) was added. The suspension dissolved and after 
shaking for 10 mm, acetone was removed in vacuo and the 
product precipitated with distilled water. The orange-
brown powder was filtered, washed well with methanol, 
ether and dried in vacuo at 40° (043 g, 91%) [v00 1982 
cm'; v(RhBr) 230 cm']. trans-Di-p-iodo-dicarbonylbis-
(triphenylphosphine)dirhodium(i) (voo 1980 cm-1) and trans-
di-z-thiocyanato-dicarbonylbis(triphenylphosphjne)diyhodjum 
(i) (vyj 2001; VON 2135; vcs 781 cm') were prepared by 
analogous metathetical reactions with the appropriate 
lithium salts. 
trans-Di--acetato-dicarbonylbis(triphenylphosphine)dj 
rhodium(I) .—[RhC1(CO)PPh,], Was treated with an excess 
of silver acetate in dry benzene for 1 h giving a dark 
orange-red solution. After filtering off the excess of silver 
acetate and precipitated silver chloride, the solution was 
concentrated in vacuo and the orange crystalline product 
was precipitated with dry pentane and dried in the usual 
way [v00 1974; v 1572; v 1439 (CHC13);A 133 cm']. 
Chlorocarbonyl(triphenylphosphine) (triphenylarsine)rhod-
ium(I).—[RhCl(C0)PPh 3]
2  (039 g, 0.45 mmol) Was sus-
pended in benzene (25 ml) and triphenylarsine (0.61 g, 20 
mmol) in benzene (10 ml) was added. The suspension 
immediately dissolved giving a pale yellow solution. 
Removal of solvent and addition of pentane gave the 
product, recrystallised from dichloromethane-acetone as 
pale yellow needles (0.61 g, 91%) (vOcJ 1961; VRhUl 
311 cm'). Bromocarbonyl(triphenylphosphine) (triphenyl-
arsine)rhodium (i) (vcO 1959 cm'), isothiocyanatocarbonyl-
(triphenyiphosphine) (triphenylarsine)rhodium(i) (vy 1981; 
v(; ç 2064; VOS 840 cm-1) and acetatocarbonyl(triphenyl-
PhosPhine)(triphenylarsine)rhodium(i) (voo 1969; v 1606; 
vs 1323; A 283 cm-1) were also synthesised from the 
respective dimers and excess AsPh,. The bromo- and 
thiocyanato-compounds can also be prepared by reaction 
of [RhCl(C0)PPh,AsPh 3] with the appropriate lithium salts 
(short reaction times). For Lii, even short reaction times 
gave a mixture of [RhI(C0)PPh 3AsPh3] (vyj 1982s cm-1 ) 
and [Rh13 (CO)PPh 3AsPh 3] (vco 2080w cm') [cf. analytical 
figures in the Table]. 
Chlorocarbonyl(triphenylphosphine) (pyridine)rhodium(i) 
[RhCI(CO)PPh,], (0.20 g, 023 mmol) Was suspended in 
benzene (20 ml) and dry redistilled pyridine (1.6 ml, 20 
mmol) was added slowly with stirring. The suspension 
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dissolved giving a pale yellow solution. Removal of 
solvent in vacuo gave a red-brown oil which on trituration 
with light petroleum (b.p. 60_80 0) gave the buff-yellow 
powder (0.20 g, 85%) (vco 1962; VRhCI 304 cm'). 
Attempts to recrystallise or prolonged standing in chloro-
form led to extensive decomposition. Bromocarbonyl(tri-
phenylphosphine)(Pyridine)rhOdium(1) (vcO 1966 cm') was 
similarly prepared from the bromo-dimer. Chiorocarbonyl-
(triphenylphosphifle) (p-toluidine)rhodium(I) (vO 1960; 
vRhcl 301 cm') and chlorocarbonyl(iriphenylphOsphifle) (di-
methyl sulphide)rhodium(I) (voo 1965; v(RhC1) 310 
cm') were prepared in analogous manner to [RhC1(CO)-
(PPh 3) (C5H5N)] using [RhC1(CO)PPh 3] 2 and excess p-
toluidine or dimethyl sulphide respectively. The latter 
compound slowly loses dimethyl sulphide on exposure to 
air. 
Chlorocarbonyl(tripheflYlphOSPhifle) (triphenylstibine)rhod-
iuni(i)._[RhC1(CO)PPh3] 2  (030 g, 035 mmol) Was dis-
solved in benzene (20 ml) and treated dropwise with a 
benzene (10 ml) solution of triphenylstibine (0.25 g, 070 
mmol). The orange solution rapidly gave a pale orange-
yellow solution. Removal of some solvent in vacuo and 
addition of pentane precipitated the yellow product which 
was washed with ether and dried in vacuo (0.80 g, 80%) 
(vyj 1959; v(RhC1) 311 cm'). The orange-yellow 
filtrate on evaporation of solvent gave the reddish-brown 
crystalline solid chlorocarbonyl(tripheflYlPhOSphifle)bis(tri-
phenylstibine)rhodium(I) (vOo 1960; v(RhCl) 317 cm'). 
The same compound can be made in high yield by reaction 
of benzene solutions of either [RhCl(CO)PPh 3] 21  [RhCl(CO)-
(PPh3)AsPh3)] or [RhCl(CO)PPh 3 (C5H5N)] with a four-fold 
excess of SbPh3. Removal of solvent and addition of 
ether gave the same red-brown crystalline product. How-
ever, in dichioromethane, the initial dark red solution from 
[RhC1(CO)PPh 3] 2  and an excess of SbPh 3 gave, on con-
centration, the pale yellow solid trans- [RhC1(CO) (PPh3) 2] 
(characterised by i.r. spectrum and m.p.). The remaining 
orange-red solution on solvent removal and addition of 
diethyl ether–pentane gave a dark red precipitate of chioro-
carbonyltris(triphenYlStibifle)r/iodium(I) (vCO 1960; v (RhCl) 
270 cnf'). The ethereal filtrate contained triphenylphos-
phine. An authentic sample of [RhCl(CO)(SbPh 3 ) 3]C6H 6 
was prepared by the method of Ugo ci al. 21 ([RhCI(CO) 21 2 
and an excess of SbPh 3). The same compound can also 
be prepared from the reaction of trans-[RhCl(CO) (AsPh 3) 2] 
and excess SbPh 3  in benzene (Found: C, 548; H, 37; 
Cl, 2•2; 0, 1.1; Sb, 31-2. Calc. for C 61 1-l 51C1OSb3Rh: C, 
562; H, 38; Cl, 27; 0, Fl; Sb, 28.2%). 
Chlorocarbonyl(triPhenYlPhO5Phiie) (iiethyldiph&nylhos-
phine)rhodiuni(I) .—[RhC1(CO) PPh 3] 2 (0.10 g, 011 mmol) 
was suspended in dry acetone (15 ml) and methyldiphenyl-
phosphine (004 g, 022 mmol) in acetone (5 nil) was added 
slowly with stirring. The suspension dissolved giving a 
pale yellow solution. Removal of solvent and addition of 
ether to the resultant oily solid gave the product as a lemon-
yellow powder (voo 1963; v(RhC1) 308 cm'). T.l.c. 
showed a single spot with a RF value slightly larger than 
trans- [RhC1(CO) (PPh3) 2]. Similarly, chlorocarbonyl(tri- 
phenylphosphine) (tricyclohexylphosphine)rhOdiUn (1) (v0o 
1950; v(RhC1) 310 cm) was made in chloroform 
solution, precipitating the product with light petroleum 
(b.p. 40__600). 
Attempts to prepare [RhC1(CO)PPh 3L] (L = PMe2Ph, 
PEt2Ph) by the same method gave only a precipitate of 
trans-[RhC1(CO) (PPh3 ) 2] and yellow ethereal solutions con-
taining [RhC1COL2] (confirmed by comparison with  
authentic samples made by literature methods).' Similarly, 
only trans-[RhCl(CO) (PPh 3) 2j was isolated from the 
reaction of [RhC1(CO)PPh 3] 2 with excess AsEt3 or Me2SO. 
Carbonylation of [RhCI(CO) PPh 3] 2 .—(a) In benzene, 
toluene, or chloroform. Reaction of the orange benzene 
solution with CO at room temperature gives an immediate 
lemon-yellow solution (vCo 2090 and 2008 cm) which on 
removal of solvent in vacuo or purging with nitrogen reverts 
to {RhCl(CO)PPh3I2 (vco 1980vs, 2090w cm', 2023w cm -1 ). 
(b) In methanol suspension. [RhCl(CO)PPh 3] 2 was sus-
pended in methanol and CO passed for I Ii giving a pale 
yellow precipitate and an orange solution. The yellow 
precipitate was trans-[RhCI(CO)(PPh3) 2] ( i.r. spectrum and 
analysis) (Found: C, 647; H, 44. Calc. for C 37H 30C1-
OP211h: C, 643; H, 43 0/10 ). Removal of solvent from the 
methanolic orange solution gave a black solid. Extraction 
with light petroleum (h.p. 60-80 °) and concentration of 
the resultant orange solution gave orange-red needles of 
[RhCl(CO) 2] 2 . The same behaviour was observed in con-
centrated dichloromethane solution. 
Rhodium(iii) Compounds 
transDi-j.-c/zloro-tetrachlorodicarbOflYlbiS (triphenyiphos-
phine)dirhodium(Iu).—Dry chlorine was bubbled through 
a suspension of trans- [RhC1(CO)PPh 3] 2  in dichloromethane 
for ca. 5 mm. The solid dissolved completely giving an 
orange-yellow solution which on concentration in vacuo 
and addition of pentane gave the product as an orange-
yellow powder (vco 2110, (RhCl) 354, 340 cm). 
Di-i.-chloro-di-iododiaceIylbis (triphenylphosphine)dirhod-
ium (Hi) and di1j.chloro-di-iododiniethyldicaYboflylbiS (In-
phenylphosphine)dirhodium(II'I) mixture.—[RhC1 (CU) PPh 3] 2 
Was treated with methyl iodide for 3 h giving a red-brown 
solution. Removal of solvent and addition of pentane 
gave the product as a dark brown powder (v 00 2065; 
v(COCH 3) 1710 cm). If the reaction was carried out for 
18 h the same products were formed but the amount of 
methyl isomer had substantially decreased and that of acyl 
increased (i.r. evidence). 
Tnichlorocarbonyl(tniphenylpllOSphine) (tniphenylarsine)
rhodium(Iii) .—[ RhC13 (CO) PPh 3] 2  Was shaken in chloroform 
with excess AsPh 3 for ca. 30 mm. Removal of solvent and 
addition of pentane gave the product as a deep yellow 
crystalline powder (vao 2102 cm'). A small amount of 
[RhCl (CU) (PPh 3) (AsPh3)] was also formed. Similarly, 
trichlorocarbonyl (trip henylphoSphifle) (tniphenylstibine)rhod-
iuin(iII) (vUO 2098, v(RhC1) 345 cm') was prepared 
from [RhC1 3 (C0)PPh 3] 2 and excess SbPh 3 . Again some 
[RhC1(C0)PPh 3SbPh 3] was also formed. With [RhC1 3 (C0)-
PPh 3] 2 and PHi 3  (1: 2 molar ratio) the main product was 
trans-[RhCl (CU) (PPh3) 2] [RhC.l 3 (C0) PPh3AsPh3] Was also 
prepared by chlorination of [RhCI(C0)PPh 3A5Ph 3] in CC14 
(the compound contained ca. 025 mol Cd 4 solute per 
rhodium). Similarly, treatment of [RhC1(C0)PPh 3AsPh 3] 
with iodine in CC1 4  gave chlorodi-iodocarbonyl(tripheiiyl-
phosphine) (trip henylarsine)rhodium (i) 025 carbon tetra-
chloride (voo 2080 cm'). 
Reaction of [RhC1(CU)PPh 3ASPh3] with methyl iodide 
heated under reflux for 30 min followed by concentration 
and addition of pentane gave a dark brown powder which 
is a mixture of predominantly chloroiodoacetyl(triphenyiPhOS-
phine)(triphenylarsine)rhodium(iH) 050 methyl iodide (vcocH 
1712 cm) and chloroiodomethylcarbOflyl(tripheflYlpI10SP/1ie) 
triphenylarsine rhodium(I") (vco 2060 cm'). After 4 h 
heating under reflux, almost all the product was in the 
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acetyl form. A small amount of rhodium(I) complex (v00 
1980 cm-1) is also present. 
Reaction of the isomeric mixture [RhC1I(cH 3)(cQ)PPh 3] 2 
and [RhClI(COCH 3)PPh 3] 2 with excess AsPh 3 in chloro-
form or dichioromethane followed by immediate pre-
cipitation with pentane gave the pure orange-yellow product 
[RhC1I (CR 3) (CO) (PPh 3) (AsPh 3)] (voo 2065 cm'). Similarly, 
reaction with L (L = PPh 3 or SbPh3) gave [RhC1I(CH 3 ) (CO)-
PPh3L]. In solution, these rapidly isomerise to the corre-
sponding acyl isomer. 
Triclzlorotris (pyridine)rhodiuni(iiI) .- [RhC1 3 (CO) PPh 3J 2 
Was treated with an excess of pyridine in benzene for 24 h 
giving a yellow solution. Removal of solvent and addition  
of light petroleum (b.p. 60_800) gave an oil which after 
prolonged treatment with ether (24 h) gave a yellow powder, 
washed with methanol and dried in vacuo (Found: C, 402; 
H, 3.3, N, 86. Calc. for C 15H 15C1 3N3Rh: C, 403; H, 34; 
N, 9.4%). Comparison with the i.r. spectra of authentic 
samples of 1,2,3- and 1,2,6-[RhCl3(C5H5N)]3 31 indicates the 
latter has been formed. 
We thank Johnson Matthey Ltd., for a generous loan of 
rhodium trichloride trihydrate, the S.R.C. for an award 
(to D. F. S.), and Drs. R. D. Gillard, D. Forster, R. J. Haines, 
and J. F. Nixon for helpful discussions. 
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NEW DITHIOACID COMPLEXES OF MOLYBDENUM 
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(Received 19 March 1973) 
Although a number of papers have appeared in recent years on the 
synthesis of dialkyldithiocarbamate s, dialkyldithiophosphates, difluorodithio-
phosphinates and alkyldithiocarbonates (xanthates) of molybdenum, most of 
the reported compounds contain the molybdenum ion in formal oxidation states 
IV, V or VI, e.g. [M0O(S2P OEt 	[M0203 (S2 COEt)4 ] and 
[MOO 2 (S2CNEt2 ) 2} (1). Only a few examples of low-valent dithioacid 
molybdenum compounds are known, e.g. [Mo(NO) 2 (S 2 CNR 2 ) 2] (2), 
[Mo(CO)(S 2 CNR 2 ) 2 } (n = 2.3) (3) and [Mo(CO) 2 (PPh3 )(S2 CNR 2 ) 21 (4). A 
versatile method of synthesis of low-valent, binuclear molybdenum * halides 
e.g. Mo2 C184 , Mo2 C18 3 is by direct replacement of acetate ion by halide 
ion in molybdenum (II) acetate (5). In this preliminary communication, we 
wish to report the results of a study of the reactions of molybdenum (II) 
acetate with a number of dithioacid anions. 
a) 0-ethyldithiocarbonate:- 	Treatment of molybdenum (II) acetate (6) 
with potassium ethyixanthate in degassed methanol leads to the precipitation 
of a red crystalline solid analysing closely for [Mo(S 2 COEt) 2] 2  (A) [Found:-
C, 21.0; H, 2.8; S, 37. 5, Mwt (acetone) 671 ; Required:- C, 21.2; H, 2.9; 
S, 37. 6% Mwt(dirner) 680]. Although analytical data is not sufficient to 
unequivocally distinguish this formulation from oxy species such as 




Spectral parameters for various molybdenunxanthate complexes 
[Mo 2 (S 2 COEt)4 J 	[Mo203 (S2COEt)4]a 	[Mo2 (S 2 COEt)4py2] 	[MO O(S Z COEt) ZPYI a 
Colour 	 red dark green red light brown 
i.r. spectra 	1260m,1200vs,1150s 1284vs,1242vs, 1295m, 1225m, 1220vs,1120s, 
(1300 - 700cm1) 	
lllOvs, 1045vs, 1030s 1120s, 1047vs, 1032s 1219m, 1180vs, 1145vs 1065m, 1040m, 1015m 
1000s, 	865m, 	7ZOmC 999m, 954s, 	862m 11 20s, 1090m, 1060vs 945vs 	750m, 	725m 
814w ,730md 1035m,1005m,1000m 690wd 
868m, 860m, 	820w 
750m, 725w, 	700mC 
electronic spectra 	in acetone in chloroform in chloroform solid state reflectance 




31.7 e (10,000) 







( 	 7,000) 27.0 	(12,000) 35.0 
17.9 	
( 	 700) 19.7 	( 	 9,000) 23.5 	( 5,000) 29.8 
17.9sh(1000) 17.7 	
( 	 600) 25.0 
18.7 
n. n-i. r. 	 in deuteroacetone in deuterobenzene in deuterochioroform in deuteropyridine 








1.647, 2. 3T,2. 807 1. 157,2.54(C 5H 5 N) 
(C 5H5N) 
a All spectral data taken from R.N.Jowitt and P.C.H. Mitchell, J. Chem. Soc. (A), 1702 (1970). 
b From F. W. Moore and M. L. Larson, Inorg.Chem. 6 998 (1967) 	
e 	 3 -1 
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comparison of the colour, i. r., 'H n. m. r. and electronic spectra of A and B 
(Table) confirms that they are quite different compounds. Furthermore, 
A reacts readily with various donor ligands L (L = pyridine,4-picoline, 
triethylarsine 	) giving dimeric red-brown compounds of formula 
[Mo(S 2 COEt) 2 L] 2 with similar ' H n.m.r. and electronic spectral parameters 
to A. In contrast, B reacts with pyridine to give the light brown 
[MoO(S 2 COEt) 2 (py) J with different spectral properties from the pyridine 
adduct of A (Table). 
Therefore, all the evidence suggests compound A has the "acetate-type" 
structure (7) shown below*,  although, unlike the acetate (6) but like the 
recently reported trifluoroacetatedimer (8), the xanthate dimer is relatively 
stable in solution and readily forms stable base adducts. 
	
S 	 S 










b) Monothiobenzoate:- 	Reaction of molybdenum (II) acetate with 
ammonium monothiobenzoate in degassed methanol gives a red precipitate 
of [Mo(SOCPh) 2 ] 2 . (C) 
[Found:- C, 45.1; H, 2.7; S, 17.4; Mo, 25.7; Required:- C, 45.2; 
H, 2.7; 5, 17.2; Mo, 26. 3%] shown to be dimeric by mass spectral analysis. 
A recent reference in a paper by J. M. Burke and J. P. Fackler Jr. Inorg. 
Chem., 11, 3000 (1972) reveals that L Ricard (as reported at the XIVth 
International Conference on Co-ordination Chemistry, Toronto, Canada, 1972) 
has independently synthesised Mo 2 (S COEt)4 and confirmed the acetate-type 
structure (with a Mo-Mo distance of 2. 12). 
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As for the xanthate complex, reaction occurs readily in solution with various 
donor ligands but removal of solvent only regenerates starting material. 
Comparison of the i. r. spectrum of C with other monothiobenzoate complexes 
(9) suggests substantial interaction of the metal with both oxygen and sulphur 
''co 1465cm1; VCS  960cm) which is consistent with either of the 
structures shown below Lcf the structure of {Ni(PhCOS) 2] 2 EtOH (10) with 
-1 
v 0 1508cm , 	958cm 1 (9) ). 
0 	 0 S 	 S 
I/ S.-T; 1 'XS___V 
Mo—_-.--------- Mo 	or 	Mo 	Mo/ I 
0 	 0 
S 






(c) N, N 1 -Dialkyldithiocarbamates:- 	Reaction of molybdenum (II) acetate 
in a degassed minimum volume of methanol with excess NaS 2 CNR 2 
(R = Et, 'Pr) gives immediate crystalline green precipitates which analyse 
closely for [Mo(S 2 CNR 2 ) 2] (D). Unfortunately, it was impossible to obtain 
molecular weights because of the very rapid oxidation to purple 
[Mo 203 (S 2 CNR 2 )4 J. However, if the same starting materials are reacted 
in either ethanol solution or left for extended periods in very dilute methanol 
solution, green solids also of formula {Mo(SCNR2)2] (E) are obtained but 
these have a more complicated ' H n. m. r. spectra than compounds D. 	In 
fact, ' H n.m.r. studies confirm that in carefully degassed solvents, 
compound D slowly converts to compound E at room temperature. Furthermore, 
compound E is then more stable towards oxidation than compound D. A 
recent note by Weiss et al (11) reporting an X-ray analysis on the product 
from the reaction of molybdenum (II) acetate with ammonium di-n- 
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propyldithiocarbamate in ethanol reveals that the product is a dimeric 
molybdenum (IV) complex with bridging sulphido groups and a "carbene 
ligand. We therefore suggest that compound E (R = Et, 'Pr) also possesses 




C 	 C 
	
S 	I N5 sNI 
Mo 	 Mo 
S 	 1 js 
Is 	
S 	S 	/ 




Further work is now in progress in attempts to analyse the n. m. r. spectra 
and the detailed mechanism of this interesting reaction. 
(d) Diphenylphosphinodithioate:- 	The reactions of this ligand with 
molybdenum (II) acetate are also very sensitive to the reaction conditions. 
Preliminary studies indicate that with Mo 2 (OCOCH 3 )4 and excess NH4S 2 PPh 2 
in ethanol, incomplete substitution of acetate occurs giving a very .insbluMe 
orange precipitate of composition [Mo(OCOCH 3 )(S 2PPh 2 )J (F). However, 
if [Mo 2 (OCOCH 3 )4] is reacted with diphenylphosphinodithioic acid in 
benzene or F is treated with HS 2PPh2 in benzene, a very insoluble green 
compound of formula [Mo(S 2PPh2 ) 2] is formed. Neither of these compounds 
appear to exhibit vMo = 0 or vMo-0-Mo vibrations in their i. r. spectra 
although such bands slowly appear on prolonged exposure of the compounds 
to air. 
Clearly,reactions of molybdenum (II) acetate with ththioacid ligands 
exhibit a diversity of behaviour comparable to that found with halogen acids. 
Work is now in progress to determine the precise nature of the products 
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formed, particularly as a function of such variables as solvent, temperature, 
time of reaction 
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